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Having taken the trouble some years ago examine the great 
mass original evidence relating the American Revolution, the 
contemporary documents, pamphlets, letters, memoirs, diaries, the 
debates parliament and the evidence obtained its committees, 
found that very little use had been made writing our 
standard histories, works like those Bancroft, Hildreth, Fiske, 
which have been the general guides and from which school books 
and other compilations, well public orations are prepared. 

Others have made the same discovery and have been over- 
whelmed with the same astonishment. fifteen years ago Mr. 
Charles Kendall Adams, astonished what found the original 
evidence, wrote article the subject published the 
Monthly (Vol. 82, page 174), ridiculing the standard histories for 
having abandoned the actualities and the original evidence. Our 
whole conception the Revolution, said, would have al- 
tered and the history rewritten. Within the last year two 
Mr. Charles Francis Adams has made the same discovery and 
his recent volume Military and has attacked 
the historians with even greater severity and rewritten his usual 
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trenchant, luminous and captivating style, considerable portion 
that history. His essays the military strategy the Revolu- 
tion are contributions permanent value, refreshing and ennobling, 
because they substitute truth and actuality for the mawkish sen- 
timentality and nonsense with which have been long nauseated. 

Minor investigations like the recent works the Loyalists 
Flick, Van Tyne, Ryerson and Stark, Bartlett’s Destruction 
the Gaspee,” Judge Horace Gray’s essay the Writs Assist- 
publications like the Hutchinson Letters, the Clinton-Corn- 
wallis Controversy, have course helped bring about this 
change. The general improvement public libraries, accessibil- 
ity the old pamphlets and original evidence all sorts, has also 
helped and led desire for knowledge the actual events. 
Lapse time, too, doubt having its effect lessening the 
supposed inadvisability letting all about the Revolution known. 

Within the last two years writing life Daniel Webster 
had occasion examine the original evidence our history from 
the War 1812 the Compromise 1850; and found that had 
substantially all been used our histories that period. There 
investigated the original evidence the 
strange first sight, that the history our Civil War 1861 
should have all its phases openly and thoroughly exhibited, 
the side the South well the side the North, both fully 
displayed the public, and that the greater part the evidence 
the Revolution should concealed. But the circumstances 
the Revolution were quite different. 

the first place, the large loyalist party this country some 
places majority, were completely defeated, hunted down, ter- 
rorized, driven out the country and scattered Canada and 
various British possessions, that use vulgarism they never 
“opened their heads” again. only recent times that any 
one has had the face collect their evidence and arguments from 
the original sources and publish it. For more than half century 
after the Revolution writer could gain anything but condemna- 
tion and contempt for mentioning anything about them. The suc- 
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cessful party America would not even vilify them, but ignored 
them and their doings they had had existence. The object 
this was make appear that the Revolution had been great 
spontaneous uprising the whole American people without faction 
disagreement among themselves. England, strangely enough, 
the loyalists were also ignored and nothing said about them. They 
were often suspected being half rebels, whitewashed rebels 
they were sometimes called. Those who fled England were 
apt treated with more less contempt. They were often 
regarded mere objects charity, pennies” one them 
complained, best mere provincials neither social nor 
political importance. 

But the close our Civil War, the people the Southern 
States remained the country, were respected the North well 
the rest the world, published their side the controversy 
and again sent their representatives Congress they had done 
before the war. one has yet dared falsify conceal the 
facts that history turn into myths and legends. 

the second place, after the close the Revolution, were 
for long time very disunited country. was very doubtful 
whether the States would able come together and form na- 
tional government. Many thought that some them might 
back under British control. When national constitution was 
last adopted; was regarded the rest the world and even 
ourselves, experiment which very likely might not the end 
succeed. Europe, was largely regarded ridiculous experi- 
ment. Our democratic ideas and manners were despised and our 
newness and crudeness contrasted with the settled comfort and re- 
finement the old nations. felt all this keenly. Our writers 
and able men struggled might and main unite our people and build 
They strove give dignity and respect 
make damaging admissions, let not the smallest fact creep 
out, that might taken advantage of. was, therefore, perhaps 
too much expect that they would describe the factions and turmoil 
the Revolution they really were, the military absurdity the 
British General Howe letting default, the cruelty and perse- 
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cution inflicted the loyalists and their large numbers. they 
described Revolution that never happened and never could happen. 
whoop and hurrah boys! All spontaneous, all united; merciful 
noble, all virtue and grand ideas one side, all vice, wick- 
edness, effeteness and degeneration the other. 

That feeling, the boasting and the exaggeration were proper 
enough one sense. was certainly right strive build the 
nation, and protect and dignify it. But one the most curious 
instances the way the feeling worked was Jared Sparks’ edition 
the letters Washington. Sparks was the President Har- 
vard College, man intellect and learning, the author 
interesting collection biographies American worthies. 
felt that must exalt Washington, and rewrote quite num- 
ber the Washington letters, struck out such expressions 
and such thing would amount flea altered some 
statements about religion and God, left out whole passages, espe- 
cially those which Washington told cashiering officers for 
cowardice. Sparks was interesting instance the myth-making 
process used for pious purposes, for magnifying Washington 
this way he, doubt, sincerely believed that was helping reli- 
gion and the youth the country setting example per- 
fection. Even Washington Irving, Mr. Adams points out 
(“Studies Military and Diplomatic,” pp. was not little 
inclined myth-making. Irving gave some excellent historical 
work, for which should grateful; but could not altogether 
escape the taint his time. 

Jared Sparks was unquestionably man integrity but was 
carried away the feeling making good showing manufac- 
turing Washington into theoretical perfection. not suppose 
that for one moment realized that was doing what very closely 
resembled some things for which persons lower walks life 
are sent had rude awakening when Reed dis- 
covered the whole imposture and published the original letters with 
the Sparks improvements side side. But the exposure did little 
good; for similar methods, and evidence-ignoring much larger 
scale, were used through whole volumes so-called history. 
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interesting this connection remember that Charles 
Thomson, the Secretary the Continental Congress during the 
Revolution, wrote history that event; and his position and 
acquaintance with leading characters must certainly have given him 
valuable information. But burnt the manuscript, giving 
reason that its publication would give too much offense persons 
still living. wished quiet down everything, forget the horrible 
scenes, controversies and factions, and build the 
tainly most laudable motive; but must not now these days 
misled and accept history all those standard volumes 
which when analyzed are nothing but concealment actual facts 
for the sake helping the nation. 

must, hasten, however, the third cause the trouble, and 
that was that the first history the Revolution which all the others 
have followed and copied was English whig partisan argument. 

The English whig party were peculiar position during the 
Revolution, with rebellion hand that seemed likely rend 
the British empire asunder. They were very small minority, 
overwhelmingly outvoted every subject. They adopted their 
policy for the American War, the principle, rather supposition, 
that the troops were all withdrawn from the colonies and at- 
tempt made coerce them, the Americans would voluntarily sub- 
mit ruled England and form ideal spectacle uncoerced 
colonies willingly and gladly remaining under the tutelage their 
mother. 

was beautiful ideal developed the great whig orators, 
Chatham and Barré, illustrated from history and art, and 
dignified passionate appeals sentiment and manhood. Their 
speeches have become classics the English language and have been 
recited for hundred years our school boys. Those orations 
with others the lesser whig lights found the parliamen- 
tary debates, together with the whole whig policy, were course, 
very acceptable our people. The whigs were continually asserting 
that our people did not want they besought mild and 
conciliatory measures for us; they attacked the tory measures; and 
far they succeeded checking this way the tory policy 
coercion, they aided obtaining independence. 
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This history the Revolution from the whig point view was 
written almost rapidly the events occurred, not only the whig 
speeches, but the Annual Register, important publication 
that time, still existence, which summed the political and 
diplomatic occurrences the year both home and abroad they 
affected England. After the Revolution was ended and people 
began think writing account it, they found that was 
the easiest thing the world do. Just get down the volumes 
the Annual Register and there all was for each the seventeen 
years the long controversy; each year itself clearly and co- 
gently written; for the Annual Register had employed the great 
whig orator Edmund Burke write these summaries every year. 
Burke was very careful with his dates, facts and statements far 
chose and the Register enjoyed high reputation that 
respect. But the statements were all whig statements; others 
were admitted; facts unfavorable the whig line policy were 
admitted; and every fact and statement was given the tinge and 
leaning the whig policy. 

Those summaries running for seventeen years the Register 
and the speeches the whig orators were the material that the 
historians the Revolution used. Gordon, who wrote the 
first important and widely read history the Revolution, copied 
page after page the Register verbatim and says his preface 
the first English edition. Those whig speeches and summaries 
gave the tone, the point view and the limitations, and fixed them 
rigidly that the great mass evidence outside those limita- 
tions has always been rejected; and when now obtruded the pub- 
lic even the mildest form, received with staring and sometimes 
indignant incredulity. 

certainly very glad that the whigs adopted the line 
policy that has been described. was great help our cause; 
and may have been good for the whig party any rate the 
best they could under the circumstances. But make that mere 
partisan position the basis and limitation for writing history the 
rankest absurdity that was ever heard of. political policy, 
the whig plan was mere dream that could never carried out 
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practice. was legal and political impossibility and contrary 
common sense. There was such thing, there never was and there 
never will such thing community Americans voluntarily 
submitting the absolute supremacy parliament three thousand 
miles across the Atlantic. The tory majority tried large part 
the whig plan without success. They tried conciliation and found 
failure. They repealed the stamp act and the paint, paper and 
glass act very early the controversy. They made attempt 
enforce either act with troops and had scarcely any troops the 
country that time. But the colonists, instead becoming more 
submissive, felt more conscious their power and became more 
independent. 1778 the tories offered repeal practically all 
objectionable legislation and make compromise that would 
just short absolute independence; but the American patriots 
rejected this offer they had rejected all other attempts concilia- 
tion that did not offer absolute independence. 

the whigs had been power during the revolution there 
reason suppose they would have been any more successful 
conciliating the Americans than were the tories; and probable 
that they would not even have attempted put their idealism into 
practice. the Canadian rebellion 1837 they were power, 
but they suppressed that rebellion with high hand, hanged and 
banished the ringleaders, did not withdraw troops, and did not rely 
voluntary submission. Their idealism the Revolution was 
mere minority eloquence. one thing advocate ideal theory 
when you are hopeless minority and not responsible for results, 
and quite another thing put such theory force when you are 
the majority and power which you wish retain. 

The whig partisan policy such narrow point view for 
writing history, that order maintain and stay within you 
must leave out consideration and either conceal ignore more 
than half the evidence and testimony the eye witnesses and con- 
temporary documents the Revolution. You must write the Revo- 
lution merely the English whigs saw it, professed see for 
party purposes. You must omit large masses evidence that have 
been found both America and England. You must ignore the 
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testimony and arguments the tories who from the point view 
impartial history are entitled exactly the same consideration 
witnesses the whigs and patriots. You must ignore and vilify 
the testimony and arguments the loyalists, who, history 
anything more than falsehood agreed upon, are entitled exactly 
the same consideration witnesses the patriots, whigs and tories. 

The whig point view ignores completely the whole mass 
evidence coming from the tories and the loyalists and does not accept 
all the evidence coming from the patriots. the whigs were al- 
ways trying show that the patriot party America did not really 
want independence, but would content with compromise, they 
accepted evidence that did not accord with that view. 

All through the Revolution the English whigs sneered the 
loyalists, rejected all their statements, and were only step behind 
the patriots condemnation them. seems now little con- 
temptible, this merciless whig condemnation the loyalists who 
were trying save the same empire which the whigs professed 
have remedy for saving. the close the Revolution, when 
the treaty peace was signed, section the whig party shifted 
their ground, took the cause the loyalists and attacked the 
ministry for making treaty peace which abandoned the loyalists 
the mercy the patriots. 

you confine yourself the whig limitation, you must not only 
ignore the great mass information about the loyalists, but you 
must also ignore the military strategy the war, scarcely noticed 
our histories, but, Mr. Adams shows, almost important 
and interesting the campaigns Napoleon. 

The great controversy over General Howe’s motives and military 
conduct fills the first three years the evidence the war appear- 
ing pamphlets, letters and charges against him and finally, the 
voluminous evidence his trial investigation Parliament. 
This great mass evidence about Howe, very familiar the people 
that time, but unnoticed our histories, gives entirely new 
views and ideas the situation. Another controversy carried 
with the greatest acrimony between Clinton and Lord Cornwallis 
and also unnoticed our histories, gives entirely new un- 
derstanding the last three years the war and its final issue. 
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Then there much unused evidence about the actual position and 
services France, not mention Spain, and Holland. There are 
scores old pamphlets which show the actual arguments ex- 
changed between the two countries the constitutional power 
Parliament the argumentative period the contest 
There the evidence about the violation the navigation and 
trade laws, and about the admiralty courts. All this evidence our 
standard histories fail bring light and explain. 

They give adequate understanding the dozen acts 
Parliament which the patriot colonists wished repealed. They 
never explain the full meaning that demand the colonists that 
England should never keep soldiers colony time peace, 
except the consent the colony, that England should not change 
amend colonial charter except the consent the colony. 
They not even explain, they hardly even notice the demand 
the patriots that Parliament should have authority the colonies 
relation them except regulate ocean commerce. They 
not explain what the colonists meant when they said that they were 
willing ruled the king alone. They not compare these 
demands with the modern British colonial system see whether 
any them have, modern times, been accepted England 
proper methods colonial government. 

The most curious fact about the whig and Register 
method writing our history that the end the English tories 
accepted the safest and best way describing the old contro- 
versy. Most the evidence relating the Revolution was very 
serious matter for Englishmen handle, matter whether their 
political views were tory whig. England still had colonies, ex- 
pected have more and building great and obedient 
imperial empire. The whigs their way believed that empire 
much the tories and gladly accepted all the profits and advan- 
tages it. Would wise for English writers, whether tory, 
whig “impartial,” tell the English people that the American 
patriot party had from the beginning hated and detested what 
this day the foundation principle the British empire, namely, the 
supremacy Parliament absolute and omnipotent every colony 
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London; that they despised colonialism from the bottom 
their hearts; that they believed unmanly and degrading 
political slavery, and that the only definition colony that they 
accepted, was one which described community like the old Greek 
colonies, sent out mother country with the intention that 
should become absolutely independent, and that the mother coun- 
try’s only duty towards would protect from other nations 
and guarantee its independence. 

That English writer should describe the Revolution this 
way and compelled admit that the American patriots had 
broken away from the British empire because they despised its foun- 
dation principle, was, and is, great deal expect English nature 
human nature. Neither English tories nor whigs care de- 
scribe the Revolution occurred; and hardly fair expect 
them it. Why should they deliberately excite their present 
colonies and their great and profitable East Indian empire rebel 
and justify their rebellion. not evidently much better 
say with the whigs that the American patriots dearly loved 
England and the British empire; that they were contented, dutiful 
and obedient colonists; that they were not only perfectly willing 
but anxious remain the empire and share its profits and 
glory world wide conquest; that their leaving the empire was 
mere accident brought about the blindness, stupidity, and wicked- 
ness certain tory ministry, or, some later writers have put it, 
the blindness, stupidity and self-will the King, George 
who himself, against the wishes his ministry, parliament, and 
the English people, drove the Americans out the empire, when 
they were perfectly willing stay within it. 

The first important history the Revolution after Burke’s 
annual summaries the Register, was four-volume work 
John Andrews, LL.D., published 1786. followed the same 
lines Burke’s essays the Annual Register, except that gives 
much space stating both sides the arguments Parliament, 
but such tiresome, verbose way, that almost unreadable. 
Andrews had historic ability, interpretative power; was 
mere dull chronicler and summarizer. cites evidence au- 
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thorities, and keeps the safe side mere ordinary dates and 
events. The great mass actual evidence; the position, the doings, 
the arguments the loyalists, the causes which led the Revolu- 
tion, the real conditions America, the navigation and trade laws, 
the strategy battles, the controversy over General conduct 
the war, his trial before Parliament, the Clinton-Cornwallis con- 
troversy over the final strategy—these and host other actu- 
alities, one would never learn anything about from the pages John 
Andrews, LL.D. 

1787 very ambitious and laborious account the Revolu- 
tion appeared the Rev. William Gordon, English whig, and 
Congregationalist minister, who had come out Massachusetts 
early the difficulties and remained with all through the Revolu- 
tion, interviewing generals and prominent men, visiting battlefields, 
examining private papers and public records and collecting notes and 
materials. When the war ended returned England and wrote 
his history. 

was not altogether liked America. John Adams said 
talked too much, and that his history attempting favor both 
sides was failure. But seems have been trusted with im- 
portant papers and was unquestionably very painstaking and 
accurate. Many the papers which examined manuscript, 
notably the year 1775, have been published the American Ar- 
chives and confirm his statements. one has given better 
detailed contemporary account the Battles Fort Mifflin and 
Red Bank. But had historic ability. follows the Annual 
Register basis for great part his information, copying 
from without changing the language, and announces his preface 
that has done stays cautiously within the whig limits 
safety already described. The remaining British colonies would not 
stirred rebellion anything says. But chronicler who 
lived amidst the events the Revolution, his work some value 
piece original partisan evidence. 

1789 Dr. Ramsay South Carolina, who had written about 
the Revolution, his own State, brought out general history 
the Revolution, which strange say, rejected some respects the 
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guidance the whigs and the Annual Register and this respect 
stands alone. seems understand that the dispute between 
America and England was irreconcilable and could never have been 
settled conciliation. does not regard England’s conduct 
toward the colonies mere mistake ministry, nor did 
regard the affair the king, but deliberate movement 
overwhelming majority Parliament heartily supported the 
aristocracy, the county gentry and the ruling classes, consolidate 
the empire and bring the colonies under stricter regulations. 
showed that under the old system the colonists had grown accus- 
tomed semi-independence and now were bent absolute inde- 
pendence. But his method writing was obscure and tedious 
and gave himself little room, that his book could never have 
much effect. 

Any influence might have had was soon overwhelmed and 
forgotten the historical works writer the highest order 
popularity, and that sense and influence the ablest historian 
have ever produced. Prescott, Motley and Parkman are mere chil- 
dren when compared with him. 

The truth that Americans had book about their great polit- 
ical event that was easy read until 1800 when the Reverend 
Mason Weems came their rescue with his Wash- 
ington,” followed lives Franklin and Marion. Parson Weems, 
was called, was, said, preacher large family and 
slender means, who had charge church Virginia near Mount 
Vernon. support his family became traveling book agent 
for Matthew Carey, Philadelphia. wrote books his own 
and sold them his wagon journeys through the country. was 
ready with sermon, harangue, stump speech, wherever 
could draw crowd; and would then recommend his wares and 
sell them from his wagon. played well the fiddle and was 
demand social gatherings and dances. must have been 
entertaining fellow his way and should like have seen him 
some his tours through the south. 

For generation and more, his books, especially his Life 
had enormous sale and went through over forty 
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editions. They were necessarily histories the revolution. His 
ideas that event reached every corner the country and every 
class life; and the publishers tell his Life Washington 
still sells. Reckless statement, indifferent facts and research, 
his books are full popular heroism, religion and morality, which 
you first call trash and cant and then, finding extremely en- 
tertaining, you declare with laugh, you lay down the book, what 
clever rogue. 

impossible refrain from quoting from him. most 
delightful mixture the Scriptures, Homer, Virgil and the back 
woods. Everything rages and storms, slashes and tears. the 
passage the stamp act “the passion the people flew 500 
degrees above blood battle Americans and English plunge 
their bayonets into one another’s breasts and fall forward together 
faint, shrieking death and mingling their smoking blood.” Here 
his description Morgan the last battle Saratoga. 

“The face Morgan was like the full moon stormy night when she 
looks down red and fiery the raging deep, amidst foundering wrecks and 
cries drowning seamen; while his voice like thunder the hills was heard 
loud shouting his cavalry the charge.” 

Weems says, “was sitting alone and 
tearful her Western cliff, while, with downcast looks, her faith- 
ful lion lay roaring her And must have one more from 
his description the Battle the Cowpens. 

“As when mammoth suddenly dashes among thousand buffaloes, 
feeding large the vast plains Missouri; all once the innumerous 
herd, with wildly rolling eyes and hideous bellowings, break forth into flight, 
while close their heels the roaring monster follows. Earth trembles 
they fly. Such was the noise the chase Tarleton, when the swords 
Washington’s cavalry pursued his troops from the famous fields the 
Cowpens.” 

vain that the historians, the exhaustive investigators, the 
learned, and the accurate rail him ignore him. inimi- 
table. will live forever. captured the American people. 
was the first catch their ear. said exactly what they 
wanted hear. has been read hundred times more than all 
the other historians and biographers the Revolution put together. 
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fastened his methods firmly upon the country that the learned 
historians must, their own dull and lifeless way, conform far 
possible his ideas they will neither read nor tolerated. 

Out the social, genial, card-playing, fox-hunting Washington, 
Weems manufactured the sanctimonious wooden image, the Sunday 
school lay figure, which Washington still remains for most us, 
spite all the learned efforts Owen Wister, Senator Lodge and 
Paul Leicester Ford. Weems was myth-maker the highest 
rank and skill and the greatest practical success. the Revolution 
itself made Homeric and Biblical combat giants, titans and 
mammoths against the unfathomable corruption and wickedness 
about dozen dragons and fiends calling themselves King and Min- 
istry England. 

goes back wholly the whigs and the Annual Register. The 
people England, evesyone that blessed island, except the dozen 
ministerial fiends, were, assures us, noble, kindly, gentle race. 
knew them well; lived among them when studied 
theology and they did not make war the Americans. They would 
not have thought such thing; they disapproved the war. 
for the American colonists, though giants and mammoths when 
aroused, they were also gentle people, most loving and obedient 
the mother country, anxious remain with her, had not war been 
cruelly made upon them. 

And why then was cruel war made upon them? Simply, says 
Parson Weems, because “the king wanted money for his hungry 
relations and the ministers stakes for their gaming tables diamond 
necklaces for their mistresses.” 

There its crudest form, the ministerial explanation the 
Revolution, the most popular, short, easy and practical explanation 
the great event that could devised. reveals nothing about 
the real issue stake between the two countries; nothing about the 
question the supremacy Parliament the other great principles 
involved. But pleased vast numbers people because ex- 
pressed Weems, they could grasp appealed their 
suspicions what the effete monarchies across the Atlantic really 
were. Expressed different language with few political and 
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more refined ideas substituted for the diamond necklaces and hungry 
relations, pleased the half loyalist element which still remained 
the country, and pleased certain class among the patriots who 
wanted able admire England, her literature, her laws, her 
social customs, the charming lives her country gentry, the hedge 
rows and green fields, and the fashion London. They could 
admire and love all these things, have social pleasures with distin- 
guished Englishmen, talk about the Anglo-Saxon race, its glories 
and conquests, and yet remain true Americans, because the Revolu- 
tion had been mere ministerial war, ministerial accident, uncon- 
nected with the rest England and such accident could never 
happen again. 

might dispose all the subsequent histories the Revolu- 
tion simply saying that they followed along this short and easy 
method. Even Chief Justice Marshall his Life Washington 
published 1804, though once twice disposed break away, trots 
along the same old rut. 

1809 quite popular history the Revolution appeared 
French, which went through twenty editions Europe. was 
written Charles Botta Northern Italy, who had been surgeon 
the French army, and was appointed Napoleon the commis- 
sion govern the Italian republic established. was made up, 
the author himself tells us, from the Annual Register, other histories, 
the parliamentary debates and pamphlets. But all Annual Reg- 
ister and dull that modern reader has difficulty getting through 
single chapter. The American translation went through ten edi- 
tions. Adams and Jefferson, who were still alive, praised highly. 
The popularity such tedious compilation hard understand, 
unless was that our people were pleased because was French 
and Italian defence our Revolution and institutions. 

Hildreth’s History the United published 1849, 
devoted parts the third and fourth volumes the Revolution. 
was carefully written work, much better style than its prede- 
cessors, and still pleasant read, but was conventional chronicle 
within the established lines. 

was quickly followed two other histories, one Lord 
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Mahon and one George Bancroft. Lord Mahon, afterwards Lord 
Stanhope, was man distinction English politics and literature, 
founder the National Portrait Gallery and closely associated with 
the amendment the English copyright law and the Historical 
Manuscripts Commission. His England” from 1713 
1783 came out volume time, between the years 1836 and 
1853. the last three the seven volumes touched upon the 
Revolution. was the first account that great event written 
style any literary merit and Lord Mahon’s style possessed great 
merit. Without the slightest attempt the eloquence rhetoric 
supposed some necessary for history, relies mere 
clearness and aptness words convey the ideas very culti- 
vated and intelligent mind. Every page interesting and 
likely remain for all time. history England full 
information, especially the prominent characters the time; 
but account our Revolution, touches only the surface. 
goes deeper than say that the loss the colonies was mere 
accidental piece foolishness the part the ministry; and 
having started with that position his pleasing narrative keeps within 
the lines safety. 

1852 Bancroft’s History the United States” reached the 
Revolutionary period. had been coming out volume time 
since 1832. Bancroft was Massachusetts origin and studied 
Germany where, perhaps, over-educated and over-Germanized 
himself. traveled extensively, met distinguished men, became 
Secretary the Navy and founded the Naval Academy Annap- 
olis. was also minister from the United States England and 
Germany. was splendid experience and one would naturally 
expect from him something broader gauge than his very cramped, 
and bitter partisan account the Revolution. 

was the most violently partisan and timorously defensive his- 
tory the Revolution that had appeared. was most cautiously 
written, with the greatest dread the slightest admission, and with 
intense straining make out perfect case. Entirely devoid 
candor, his fierce assaults the character Governor Hutchin- 
son, his assignment him every contemptible motive, his sweep- 
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ing condemnation and ignoring the loyalists, and his omission 
everything that did not support the English whig theory, have made 
his work more violently and narrowly one-sided than the partisan 
pamphlets the period which was writing. 

His early volumes dealing with the discovery the continent 
and the colonial period were much better than those relating the 
Revolution. restored remembrance many important points 
colonial history which, for want adequate account had been 
forgotten. But the Revolution became merely scholarly 
Weems, carrying exaggeration the worst features Weems and 
Botta. 

his treatment the Writs Assistance, declaims against 
the decision the Massachusetts court allowing them, contrary 
the law and the constitution and cowardly subserviency the 
British Government. But the decision was perfectly sound law 
Judge Gray the Supreme Court shows his admirable investi- 
gation the subject; and until recognize sound and inves- 
tigate from that point view, shall never get any farther the 
history the Revolution than mere demagogueism and declamation. 

his volumes the colonial period, Bancroft made footnotes 
number citations the original evidence, and some when 
reached the Revolution. But those for the Revolution were very 
inadequate and subsequent editions, for his work had wide cir- 
culation, the citations for the Revolutionary part grew less and less 
until the end they disappear almost altogether, and gives 
references for his innumerable quotations. His researches for mate- 
rial both this country and Europe are described his friends 
the most remarkable ever made. Documents and sources in- 
formation closed all others were, are assured, open him. 
But strange say, see result this his published work. 
Nor can any subsequent investigator profit his labors; the won- 
drous and mysterious sources information remain mysterious; 
and many his opinions are difficult support with the evidence 
which investigators are able find. 

This practice not giving the evidence footnote citations has 
been characteristic all our histories and indeed, quite necessary 
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and proper when the essential principle that the greater part 
the original evidence must ignored. The habit citation once 
begun, might carried too far. 

Fiske, whose volumes the Revolution have been published 
since the Civil War, makes citations the original evidence. 
Possibly has forestalled criticism this respect the statement 
the preface his illustrated edition, that his work mere his- 
torical sketch. But two volumes containing some seven hun- 
dred pages, confident and positive tone. For the sources his 
material refers Winsor’s Hand Book the Revolution,” 
and the notes the Narrative and Critical History America.” 
But might just well have referred the card catalogues 
the public libraries. Such general reference means nothing; and 
very large part the material contained Winsor’s Hand 
and the Narrative and Critical History” made com- 
mentaries the Revolution, which are becoming more and more 
numerous time goes on. have not yet learned this country 
distinguish sharply between the original evidence and the subse- 
quent commentaries. Our histories are usually written from the 
commentaries which are numerous, more accessible, more full 
suggestion all sorts, and easier write from and understand than 
the original evidence. 

Fiske’s account the Revolution was, however, superior all 
previous histories because contains practically all that Bancroft 
and the rest contain much better expressed. would difficult 
improve Fiske’s style writing for clearness, beauty and read- 
ableness. Bancroft attempted the old-fashioned rhetorical style, 
which, his hands, ran turgidity and bombast. Oratorical dig- 
nity, the style that has been often applied with success Greek 
and Roman history, probably inadequate, any hands, the 
economical, legal and constitutional, the prosaic, plebeian and demo- 
cratic struggle, which took place America. Lord Mahon’s style 
was far better than the classic and Fiske’s the best all. 

Fiske was extreme admirer Gladstone, the English liberal 
party, its predecessor the whig party, and the whole system the 
British empire. almost every step brings this admiration 
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for England; “her glorious records thousand years,” and her 
dominion which the sun shall never set.” Gladstone had 
been alive 1776 and Washington would have settled the whole 
difficulty amicably, the English speaking race would not have been 
divided, and the United States would some wonderfully sweet 
way have remained British colonies and part the British empire, 
the great civilizer the world. That the keynote his 
and all written within that limitation. one has glorified 
and enlarged the old whig and Annual idea. 

limits himself and narrows his point view still more 
assigning the obstinacy the king and his love personal govern- 
ment the cause all the difficulty. The king deceived and forced 
the ministry, Parliament and the English people, and kept them 
deceived and forced during eleven years argument and eight years 
war. 

This one-man explanation great political events cheap and 
easy historical device very wide application. very dramatic 
and from literary point view, very telling and interesting. Fiske 
varies and makes more dramatic assuring that the person 
who put the wickedness into the head George III. was Charles 
Townshend. 

That very pretty and interesting touch, have Mephistoph- 
eles whispering the ear the one man. Botta, who also had 
the one-man idea, said that the devil who did the whispering was 
Lord Bute. And, indeed, the devil might varied indefinitely, 
because there were many people suggesting those ideas that 
time. The editor the Boston Gazette may have been the devil; 
for Townshend’s main idea can found the pages that journal 
long before Townshend promulgated it. Mr. Fiske and his fol- 
lowers will admit that there were many million devils comprising the 


majority the Parliament and people England together with the 


loyalists America all whispering and some talking very loud for 
the encouragement George III., the one-man theory will become 
comparatively harmless. 

modern comprehensive investigation aided improved libra- 
ries and collections has established anything, that the prominent 
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great individuals, while undoubtedly valuable, are more apt 
the results and outcome political movements than the causes 


them. The Revolution was world movement forced the 


thought millions people. Its beginnings extend far back 


1764, and George III. merely swam the current. the face 


all the accumulated evidence its workings, assign the responsi- 


bility for one man may well enough for eulogistic biography 


thing more serious than the latest novel. 


recent years another history the Revolution, not yet com- 


pleted, but very voluminous, Sir George Otto Trevelyan, has been 


appearing England, volume Mr. Trevelyan remem- 


bered for his admirable Life and Letters Lord Macaulay,” pub- 


lished nearly forty years ago and for his subsequent life his rela- 


tive, Charles James Fox, the brilliant whig orator Parliament 


the time our Revolution. The life Fox treated only that 


statesman’s early years; and his preface the history Mr. Treve- 


lyan explains that finds can write the rest Fox’s life only 


writing history the American Revolution about which Fox 


often spoke Parliament. 


hardly accords with American’s idea the dignity that 


event see regarded mere illustrative material for the biogra- 


phy very reckless and insolvent gambler, who, however able 


may have been minority speaker Parliament, and however 


interesting may still his family, was means the most 


effective statesman England has produced. Our sense proportion 


somewhat outraged the exaltation the gambler through six 


volumes the American Revolution, with more come. 


the same time must confessed that from literary point 


view, and Mr. Trevelyan’s skilful hands, the sacrifice his- 


tory overestimate picturesque relative keeps his readers 


interested and amused. The volumes are full anecdote, remi- 


niscence, political and literary gossip the intellectual and the 


best parts the work are the descriptions English life and con- 


ditions that age. The diffuseness the style seems Amer- 


ican less suitable history than Fiske’s matchless brevity and ease, 
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and far inferior intellect, keenness and humor the style 
Mr. Charles Francis Adams. But Mr. Trevelyan delightful 
master telling idioms, and clever phrasing, which have placed him 
where English literature. 

distinguished member the English liberal party and 
this with his natural sympathy for that party’s predecessors, the old 
whigs and for his picturesque relative, combined with the necessity 
for not saying anything impair modern British control colonies, 
forces his book into the most narrow form the Weems minis- 
terial explanation. 

attack upon the tory ministry that period, nothing prob- 
ably will ever equal the accumulated force, the massing details, 
the sweeping condemnation and the charm language Mr. Treve- 
lyan’s work. The unfortunate ministry overwhelmed and buried 
under mass disapprobation that exceeds weight and volume 
all that Fox and all that all the other whig orators ever said against 
them. Every fact, every inference, every delicate insinuation that 
lapse time, historical perspective and the labor years can bring 
together, heaped upon them. Their depravity, malignity, and stu- 
pidity are unspeakable, especially when contrasted with the enlight- 
ened virtue and perfection Fox and the whigs. perfectly 
obvious that the American colonies were lost merely the peculiar 
circumstances the cruelty and absurdity this extraordinary min- 
istry, the like which infamy has never been known before 
since. That all there the American Revolution; and also 
quite evident that the plans Fox and the whigs had been carried 
out those affectionate and long-suffering colonists who dearly loved 
the British empire would have remained some ideal and 
friendly relation, which not definitely described. 

Mr. Trevelyan not impressed the difference between the 
original contemporary evidence and the subsequent innumerable 
commentaries secondary authorities. cites one readily 
the other; and his investigations into the original evidence appear 
have been very moderate. ignores the greater part it. 
The secondary authorities suit him better, because they support the 
ministerial explanation. Except for the descriptions English 
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life and manners, his work largely made from the commenta- 
tors. melancholy that man much talent should sur- 
render himself body and soul this old stupidity forever re- 
writing the Revolution from the accumulating opinions commen- 
tators, which move farther and farther away from the evidence; 
and now Mr. Trevelyan’s six dozen volumes must thrown 
into the mass re-hashed for another progress away from the 
original evidence. 

Within the last year so, however, there has appeared Eng- 
lish history the Revolution the Rev. Mr. Belcher, which shows 
most decided familiarity with the original evidence and equally 
decided determination jump out the old whig and Annual Reg- 
ister rut. the first Englishman that has discovered, has 
been willing admit, that there great mass loyalist evidence. 
gives his book entirely correct title and calls The First 
American Civil rather interesting and clever phrase- 


maker, after the manner that has been popular England for some 
time. But runs too much into mere political gossip, unrelated 
details, and his book, consequence, lacks logical sequence; 
inevitable defect, some will say, man religion. But matter 
about that, and matter about his taking very John Bull point 
view, and safeguarding John’s face and colonial possessions. 
has jumped out the old rut. the original and 


for that heaven praised even only flounders it. 

Since the above paragraph was written attention has been 
called article Blackwood’s Magazine 1912, 409), 
attacking with very considerable severity and ridicule the absurdity 
continuing write the history the American Revolution 
from the narrowness the old whig point view. mere 


belongs the dark represents the views the desperate 
whigs which will never again expressed serious historian. 
Why scared and timorous about the original evidence, and 
why conceal it. After the first plunge and shock the cold water 
over, you will enjoy it. The real Revolution more useful and 
interesting than the make-believe one. The actual factions, divisions, 
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mistakes, atrocities, you please, are far more useful know about 
than the pretense that there were none. The real patriots who hated 
colonialism and alien rule any form and who were determined 
break from the empire matter how well governed them, are 
more worthy admiration than those supposed affectionate colo- 
who, are assured, they had been little more coddled 
England, would have kept America the empire this day. 

There has recently been some discussion the newspapers 
the hopelessness all efforts make good plays even good novels 
out the scenes our struggle for independence. Why should 
our Revolution, asked, totally barren dramatic incident 
and dramatic use and some other revolutions rich that use. 
May not because our Revolution has been steadily and per- 
sistently written away from the actual occurrences, that novelists and 
play writers when they search for material find scholastic, academic 
revolution that never happened and that barren all the traits 
human nature. 
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PHYLOGENETIC ASSOCIATION RELATION THE 
EMOTIONS. 


GEORGE CRILE, M.D. 


(Plates I-VIII.) 


(Read April 22, 


the surgeon every variety the human emotions the var- 
ious stations life, from infancy senility, health and disease 
presented. Not only does the surgeon come intimate contact 
with emotions displayed the victims disease and accidents but 
also observes those manifested the remainder the family 
circle and friends. Then, too, unhappily forced notice the, 
effects upon himself when waging unequal battle against 
death—the strain and worry crisis when a.life the balance 
and single false move may fatal experience unknown 
others the operating surgeon. 

personal experience surgeon and experimental re- 
search associates, Dr. Sloan, Dr. Austin, and Dr. 
Menten, and myself furnish data for this paper. 

this occasion shall limit discussion mainly the strong- 
est emotion, viz., fear. believe that can shown that the 
emotion fear can elicited only animals that utilize motor 
mechanism defense against danger escape from it. For 
example: the defense the skunk diabolic odor which repels its 
enemies. The skunk has adequate equipment for defence 
escape muscular exertion. The skunk has little fear. 
Again certain species snakes are protected venom. They 
possess other means defense nor adequate motor mechanism 
for escape. They show fear. Other animals because their 
prowess have but few fears. The lion, the grizzly bear, and the 
elephant are examples. Animals having armored protection, the 
turtle, have little fear. therefore obvious that fear not uni- 
versal. The emotion fear felt only those animals whose 
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self-preservation dependent upon uncertain adequacy their 
power muscular exertion either defense flight. 

What are the principal phenomena fear? They are palpita- 
tion the heart, acceleration the rate and alteration the 
rhythm the respiration, cold sweat, rise body temperature, 
tremor, pallor, erection the hair, suspension the principal func- 
tions digestion, muscular relaxation and staring the eyes. 
The function the brain wholly suspended except that which 


” 


Fic. The expression this picture, copied from Outing,” shows the 
participation the facial muscles physical action—perhaps may indicate 
the origin the activity the facial muscles ancient fighting with teeth. 


relates the self-protective response the object feared. Neither 
the brain nor any other organ the body can respond any other 
lesser stimulus during the dominance fear. 

From the foregoing would appear that under the influence 
fear, most, perhaps all the organs the body, are divided sharply 
into two classes: first, those that are stimulated, and second, those 
that are inhibited. Those that are stimulated are the entire muscu- 
lar system, vasomotor and locomotor systems, the senses per- 
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ception, the respiration, the mechanism for erecting the hair, the 
sweat glands, the thyroid gland, the adrenal gland (Cannon), and 
the special senses. the other hand the entire digestive and pro- 
creative functions are inhibited. What the significance this 
grouping? far know the organs stimulated increase the 
efficiency the animal for fight for flight. through skeletal 
muscles that the physical attack escape these muscles 
alone energize the claws, the teeth, the hoofs, and the means for 
flight. The increased action muscles the heart and the blood 
vessels increases the efficiency the circulation the secretion the 
adrenal gland causes rise the blood pressure; the increased 
action the thyroid gland causes increased metabolic activity 
there evidence that glycogen actively called out, being the 
most immediately available substance for the production energy 
the increased activity the respiration needed supply the 
greater requirements oxygen and the elimination the increased 
amount waste products; the dilation the nostrils affords 
freer intake air; the increased activity the sweat glands 
needed regulate the rising temperature the body from the in- 
creased metabolism. The activity all the organs perception 
hearing, smell—are heightened for the purpose more ac- 
curately perceiving the danger. can not mere coincidence 
that the organs and the tissues that are stimulated the emotion 
fear are precisely those that are actually utilized the percep- 
tion danger physical struggle for self-preservation. 

Are there any other organs stimulated fear except those that 
can that assist making defensive struggle? know 
none. the other hand, animal could dispense with his 
bulky digestive organs, whose functions are suspended fear, 
could, speak, clear his decks for battle, would advan- 
tageous. Although the marvelous versatility natural selection 
apparently could devise means affording this advantage, 
shut off the nervous current and saved the vital force these non- 


combatants ordinarily consume the performance their func- 
tions. Whatever the origin fear is, its phenomena are due 
stimulation all the organs and tissues that add the efficiency 
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the physical struggle for self-preservation through the motor 
mechanism and inhibition the function the leading organs 
that not participate—the non-combatants, speak. Fear 
arose from injury, and one the oldest and surely the strongest 
emotion. the slow process vast empyricism nature evolved 
the wonderful defensive motor mechanism many animals and 
man. Now the stimulation this mechanism leading physical 
struggle action, and the stimulation this mechanism without 
action emotion. 

may say that fear phylogenetic fight flight. this 
hypothesis all the organs and parts the entire animal are inte- 
grated, connected correlated, for self-presérvation activity 
its motor mechanism. fear not our hearts alone, not 
our brain alone, not our viscera alone; fear influences every 
organ and tissue—each organ tissue stimulated inhibited ac- 
cording its use hindrance the physical struggle for exist- 
ence. thus concentrating all most the nerve force the 
nerve muscular mechanism for defense alone, greater physical 
power developed. that animals under the stimulus 
fear are able perform preternaturai feats strength. Then, 
too, for the same reason the exhaustion will the 
greater, the powerful stimulus fear drains the cup nervous 
energy, though visible action may result. animal under the 
stimulus fear may likened automobile with the clutch 
thrown out but whose engine racing top speed. The gasoline 
being consumed, the machinery being worn, but the machine 
whole does not move, though the power its engine may 
cause tremble. 

Applying this conception human beings today certain mys- 
terious phenomena are once elucidated. must borne 
mind that man has not been presented with any new organs meet 
the requirements his present state civilization—indeed not only 
does possess the same type organs his savage fellows but 
also the same type organs possessed even the lower animals. 
fact the present status civilization man now operated 
with the primary equipment brutish organs. Perhaps the most 
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striking difference the greater control man has gained over his 
primitive instinctive reactions. Contrasted with the entire dura- 
tion organic evolution, man has come down from his arboreal 
abode and assumed his new role increased domination over the 
physical world but moment ago. And now, though sitting his 


Note the resemblance between the facial expression the great 
efforts the athlete and the expression the strong emotions. The rela- 
tion motion and emotion becomes more obvious strong motor and 
emotional acts are compared. From Outing.” 


desk command complicated machinery civilization, when 
fears business catastrophe the terms his ancestral 
physical battle the struggle for existence. cannot fear intel- 
lectually, cannot fear dispassionately, fears with all his 
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organs, and the same organs are stimulated and the same organs are 
inhibited instead its being battle credit, position 
honor, were physical battle with teeth and claws. Whether 
the cause acute fear moral, financial, social, stage fright, the 
heart beats wildly, the respirations are accelerated, perspiration 
increased, there pallor, trembling, indigestion, dry mouth, etc. 
The phenomena are those physical exertion self defense 
escape. There not one group phenomena for the acute fear 
the president bank financial crash and another for the 
hitherto trusted official who suddenly and unexpectedly faces the 
naked probability the penitentiary; one for patient who 
unexpectedly finds has cancer and another for the hunter when 
shoots his first big game. Nature has but one means response 
and whatever the cause the phenomena are always the same—always 
physical. 

The stimulus fear repeated from day day, whether 
mother anxious account the illness child; business man 
struggling against failure; politician under contest for appoint- 
ment; broker the daily hazard his fortune; litigants legal 
battle, jealous lover who fears rival,—the countless real 
well baseless fears daily life—all forms fear seems 
me, express themselves similar terms ancestral physical contest 
and this law dominate the various organs and parts the body. 
Anger and fear express opposite states. expresses the evi- 
dence strong desire escape from danger; anger, strong 
desire attack physically and vanquish opposition. This hypoth- 
esis strongly supported the outward expression fear and 
anger. When the business man conducting struggle for exist- 
ence against his rivals and when the contest its height, may 
clench his fists, pound the table, perhaps show his teeth and may 
exhibit every expression physical combat. Fixing the jaw and 


showing the teeth anger merely emphasizes the remarkable 


tenacity phylogeny. Although the development the wonder- 
ful efficiency the hands has led modification the once pow- 
erful canines our progenitors, the ancestral use the teeth for 
attack and defense attested the display anger. all sta- 
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tions life differences opinion may lead argument and argu- 
ment physical combats, even the point killing. Physical 
violence the savage and the brute still lies surprisingly near the 
surface. 

There have now been presented some the reasons based 
largely gross animal behavior why fear regarded 


Fic. attitude and the facial expression represent anger, and the 
integration the entire body for strong aggressive action shows the extent 
which the body man has been evolved motor mechanism. From 
Outing.” 


response phylogenetic association physical danger. shall 
now present some additional evidence support this hypothesis 
from the clinical and the experimental side. Although there not 
convincing proof yet there evidence that the effect the stimulus 
fear upon the body without physical activity more injurious 
than actual physical contest which results only fatigue without 
gross physical injury. well known that the soldier lying under 
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fire waiting vain for orders charge suffers more than the 
soldier that flings himself into the fray; that wild animal 
open chase against capture suffers less than when cowering cap- 
tivity. unexpressed slumbering emotion measurably relieved 
action. probable that the various energizing substances 
needful physical combat such the secretion the thyroid, 
the adrenals, etc., but which are not consumed action may, fre- 
quently repeated, cause physical injury the body. That the brain 
definitely influenced, even damaged fear has been proved 
the following experiments: 

Rabbits were frightened dog but not injured, and not chased. 
After various periods time the animals were killed and their 
brain cells compared with the normal. Widespread changes were 
seen. The principal clinical phenomena expressed the rabbit 
were rapid heart, accelerated respiration, prostration, tremors, and 
rise temperature. 

The dog showed similar phenomena—excepting instead mus- 
cular relaxation the rabbit the dog showed aggressive mus- 
cular action. Both the dog and the rabbit were exhausted and 
although the dog exerted himself actively and the rabbit remained 
physically passive, the rabbit was much more exhausted. 

Further observations were made upon the brain fox chased 
for two hours members hunt club, then finally overtaken 
the hounds and killed. The brain cells this fox compared 
with those normal fox showed extensive physical changes 
most the cells. 

The next line evidence offered with some reservation but 
has seemed more than mere idle speculation. 
relates the phenomena one the most interesting diseases 
the entire category human refer exophthalmic 
goiter Graves’ Disease—a disease primarily involving the emo- 
tions. This disease frequently the direct sequence severe 
mental shocks long and intensely worrying strain. The follow- 
ing case typical. broker was his usual health the panic 
1907. During this panic his fortune and that others was for 
almost year jeopardy, failure finally occurring. During this 
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heavy strain became increasingly more nervous, and impercep- 
tibly there appeared pulsating enlargement the thyroid gland, 
increased prominence the eyes, marked increase perspira- 
tion, even profuse sweating, palpitation the heart, increased res- 
piration with frequent sighing, increase blood there was 
tremor many muscles, rapid loss weight and strength, fre- 
quent gastro-intestinal disturbances, loss normal control his 
emotions, and marked impairment his mental faculties. was 
completely broken health fortune. These phenomena 


Fic. This picture taken from Darwin’s Expression the Emotiors 
Man and Animals” and expresses horror and agony. 


resembled closely those fear and followed the wake strain 


due fear. 
young women exopthalmic goiter often follows the wake 


disappointment love; women, too, frequently follows 
the wake illness child parent which the double 
strain worry and constant care present. Since such strains 
usually fall heaviest upon woman, they are the most frequent 
victims. Now, whatever the exciting cause exophthalmic goiter, 
whether unusual business worry, disappointment love, tragedy, 
the illness loved one, the symptoms are alike and closely 
resemble the phenomena one the great primitive emotions. 
How could disappointment love play role the causation 
Graves’ Disease? the hypothesis presented for the explana- 
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tion the genesis and the phenomena fear correct then 
would hold for the emotion love. fear phylogenetic 
physical defense escape but without resulting muscular action 
then love phylogenetic conjugation without physical action. 
The quickened pulse, the leaping heart, the accelerated respiration, 
the sighing, the glowing eye, the crimson cheek, and many other 
phenomena are merely phylogenetic recapitulations ancestral 


acts. 

The thyroid gland believed participate such physical 
activities. Hence, could well follow that the disappointed maiden 
who intensely integrated for youth will every thought 
him subjected phylogenetic association specific stimula- 
tion analogous that which attended the ancestral consummation. 
Moreover, happy marriage has many times been followed cure 
the exophthalmic goiter which appeared the wake such 
experience. The victims Graves’ Disease present counterpart 
emotional exhaustion. The emotions Graves’ Disease are ab- 
normally acute illustrated personal observation death 
subject this disease from fear alone. Whatever the exciting 
cause this disease the symptoms Graves’ Disease are the same; 
just fear the phenomena are the same whatever the exciting 
cause. Graves’ Disease illustrated the photographs the 
resemblance close that fear. The following phenomena fear 
and Graves’ Disease have common: increased heart beat, in- 
creased respiration, rising temperature, muscular tremors, protrud- 
ing eyes, loss weight; Cannon has found increased amount 
adrenalin the blood fear and Frankel Graves’ Disease; 
increased blood pressure muscular weakness digestive disturbances 
impaired nervous control; hypersusceptibility stimuli; pro- 
tracted intense fear the brain cells show marked physical 
Graves’ Disease analogous changes are seen. Graves’ Dis- 
ease there seems composite picture intense expression 
the great primitive emotions. Graves’ Disease disease 
the great primitive emotions rather the whole motor 
mechanism how the constant flow stimulation this compli- 
cated mechanism supplied? would seem that some period 
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there must secreted excessive amount some substance that 
activates the motor mechanism; then too the nervous system 
Graves’ Disease hypersusceptible stimuli and thyroid extract. 
might follow that even normal amount thyroid secretion 


Fic. This photograph fear closely resembles the expression patients 
afflicted with Graves’ disease exophthalmic goiter. 


would lead excessive stimulation the hypersusceptible motor 
mechanism. 

This condition excessive motor activity and hyperexcitability 
may endure for years. What the source this pathologic ex- 
citation 

The following facts may give clue, viz., suitable cases 
Graves’ Disease the thyroid secretion sufficiently diminished 
removal part the gland interruption the nerve and 
the blood supply, the phenomena the disease are immediately 
diminished, and favorable cases the patient restored approx- 
imately the normal condition. The heart slows, the respiration 
falls, the restlessness diminishes, digestive disturbances disappear, 
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tremors decrease, there rapid increase the body weight, and 
the patient gradually resumes his normal state. the other hand, 
normal individual extract the thyroid gland administered 
excessive dosage over period time, there will develop ner- 
vousness, palpitation the heart, sweating, loss weight, slight 
protrusion the eyes, indigestion; short there will produced, 
artificially, most the phenomena Graves’ Disease and the 
strong emotions. discontinuing the administration the thy- 
roid extract these phenomena may disappear. the other hand, 
when there too little thyroid gland the individual becomes 
dull and stupid and emotionless, though may but 
sufficient amount thyroid extract given such patient may 
brought the normal again. 

Hence, see that the phenomena the emotions may be, 
within certain limits, increased, may diminished, abolished 
increasing, diminishing, totally excluding the secretion the 
thyroid gland. 

Graves’ Disease may increased giving thyroid extract, and 
fear. may diminished removing part the gland, 
tying the blood and nerve supply, complete 
Graves’ Disease there some stage increase the size and 
the number the secreting cells. These facts relating the nor- 
mal and the pathological supply thyroid secretion point this 
gland one the sources the energizing substance substances 
for the execution the motor phenomena animals well the 
expression their emotions. 

Anger is, course, similar origin and integration and 
stimulation the motor mechanism and its accessories. Animals 
having natural weapons for attack experience emotion 
anger, and the animals that have weapons for attack express anger 
principally energizing the muscles used attack. Although the 
efficiency the hands man has largely supplanted the use the 
teeth, still shows his teeth anger and gives support the 
remote ancestral origin this emotion and the great persistence 
phylogenetic association. this conception can understand 
why that patient consumed worry—which signifies 
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the state alternation between hope and fear—interrupted stimula- 
tion, suffers many bodily impairments and even diseases. ex- 
plains the slow dying away animals captivity. explains the 
grave digestive and metabolic disturbance under any nerve strain— 
especially under the strain fear, and the great benefits con- 
fidence and hope; explains the nervousness, loss weight, indi- 
gestion—in short the comprehensive physical changes that are 


Fic. This typical picture exophthalmic goiter, and illustrates 
well its resemblance the expression the emotion fear. From Ameri- 
can Practice Surgery. 


wrought fear and sexual love and hate, this hypothesis 
can understand the physical influence one individual over 
the body and personality another; and the infinite factors 
environment that play role the functions many our organs 
all through phylogeny and association. because were 
evolved motor beings the uncompromising law survival 
the fittest, hence that are not possession any organs 
faculties which have not served our progenitors their survival 
the relentless struggle organic forms with each other. are 
now were then essentially motor beings and our only way 
responding the dangers our environment motor re- 
sponse. Such motor response implies the integration our 
entire being for action and the activity certain glands such the 
adrenals, the thyroid, the liver, etc., resulting the throwing into 
the blood stream substances which help form energy, but which 
muscular action ensues are harmful elements the blood. 
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While this motor preparation going the entire digestive tract 
inhibited. then clear that emotion more harmful than 
action. 

the agency that inspires sufficiently the faith—whether the 
agency mystical, human, divine—whatever dispels worry will 
once stop the body-wide stimulations and inhibitions which cause 
lesions truly physical fracture. The striking benefits 
good luck, success and happiness; the change scenes; hunt- 
ing fishing; optimistic and helpful friends, are once ex- 
plained this hypothesis. One can also understand the difference 
between the broken body and spirits animal captivity and 
its buoyant return normal condition when freed; but time will 
not permit following this tempting lead which has been introduced 
for another purpose, which may say, one the principal objects 
sought this paper, viz., proposed remedy. 

Worries either are are not groundless. those that have 
basis many are exaggerated. has occurred utilize 
antidote appeal the same great law that originally excites the 
instinctive involuntary reaction known fear, viz., the law 
self-preservation. 

have found that intelligent patient suffering from fear 
made see plainly amount firm conviction that his 
brain, his various organs, indeed his whole being could physically 
damaged fear, this same instinct self-preservation will the 
extent his conviction, banish fear. hurling threatened active 
militant danger, whose imperious influences are both certain and 
known, against uncertain, perhaps fancied one, other 
words fear itself injury which when recognized instinctively 
avoided. precisely similar manner anger may softened 
banished appeal the stronger self-preserving instinct the 
fear physical damage,—such the physical injury brain cells. 
This playing one primitive instinct against another comparable 
the effect upon two men quarrelling when more powerful 
enemy both comes threateningly the scene. 

The acute fears surgical operations may banished the 
use certain drugs that depress the associational power the 
brain and minimize the evidence that usually inspires fear. 
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addition the entire field operation blocked local anesthesia 
that the associational centres are not awakened, the patient passes 
through the operation unscathed. 

The phylogenetic origin fear injury, hence injury and fear 
cause the same phenomena—psychic shock the same quality and 
its phenomena traumatic shock. The perception danger 
the special senses the sound the opening gun battle, the 
sight venomous snake, cause the same effects upon the entire 
body and are phylogenetically the same operations under anes- 
thesia physical combat that they all drive the motor mech- 
anism. The use local anesthetics the operative field prevents 
the injury currents from reaching the brain and there integrating 
the entire body for self-defensive struggle, though part the 
brain asleep and the muscles paralyzed, the same the inter- 
ception the terrifying sound the gun, the sight the dan- 
gerous reptile, because prevents the stimulation the motor 
mechanism. From both the negative and positive side find abun- 
dant evidence which forces believe that the emotions are primi- 
tive instinctive reactions representing ancestral acts which utilize 
the complicated motor mechanism which has arisen through the 
forces evolution establishing beings best suited for their adapta- 
tion their environment and for procreation. 

The mechanism which the motor acts are performed, and the 
mechanism which the emotions are expressed are one and the 
same. These acts their infinite complexity are performed 
association, phylogenetic association. When our progenitors 
came contact with excitation their enviromnent, action ensued 
then and there. There was much action—little restraint emotion. 
Civilized man really auto-captivity. subjected in- 
numerable stimulations, but custom and convention frequently pre- 
vent physical action. When these stimulations are sufficiently strong 
but action ensues, the reaction constitutes emotion. phylo- 
genetic fight anger; phylogenetic flight fear; phylogenetic 
copulation sexual love, and one finds this conception 
underlying principle which may the key understanding 
the emotions and certain diseases. 
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PLATE 


Normal Rabbit: Cerebrum. 


Frightened Rabbit: Cerebrum, The rabbit was frightened once and 
killed, Note the 


Frightened Rabbit: Cerebrum. The rabbit was frightened once and killed the 
end six hours. The cells are more swollen than the normal, 


FEAR 


These and the following cuts are intended show that fear and exophthalmic goitre 
cause demonstrable morphologic changes the nerve cells different parts the brain 
which vary degree [rather than specificity] according the part the brain. 

The rabbits used the were frightened dogs without being injured 
without muscular efforts any consequence, 
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Frightened rabbit: Cerebellum. The rabbit was frightened once and 

average ten differential Purkinje cell counts from ten such experiments 
was: Active cells, 83.4 per cent.; fatigued cells 15.7 per exhausted cells, 0.9 per 
cent, 

Frightened rabbit: Cerebellum. The rabbit was frightened once and the 

end one half average five differential Purkinje cell counts from 
five such experiments was: Active cells, 55.6 per cent.; fatigued cells, 35.4 per 
exhausted cells, 9.0 per cent. 

FEAR 

These cuts and the cell counts given above illustrate several important points, viz., 

that cerebral stimulation fear causes, first, demonstrable morphologic changes brain 
cells, second, marked early increase the number active [and hence also hyper- 
chromatic] cells, and, third, that this stimulation followed later and more serious 
morphologic changes the cells which not maximum until from 
hours have elapsed after the period fright. 
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Normal rabbit: Medulla. 


Frightened rabbit 


Medulla. rabbit was frightened once and 
killed, 
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Normal Cervical cord, anterior horn. 


Frightened rabbit 
and 


Cervical cord, anterior horn. The rabbit was frightened once 
Note the marked hyperchromatism, 
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Exophthalmic Goitre. The contrast between the normal and exophthalmic goitre 
cerebrum sections more marked than between the medulla sections, rough gen- 
eral rule may said that the lower the portion the central nervous system affected 
the slighter the degree injury. 
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Fic. Normal’’ Human Cerebellum. Exophthalmic Goitre 


Exophthalmic Goitre. Note the marked injury the Purkinje cells, and the striking 
contrast between the general appearance the two cuts. differential Purkinje 
cell count from five cases exophthalmic goitre was: Active cells, 34.2 fatigued 
cells, 37.6 per cent.; exhausted cells, 28.2 per cent, 


As 7 | 
were 
> 
j 


t 
ie, 


PROCEEDINGS Am. PHILOS. Soc. VoL. No. 204 


Fic. Human Medulla. Fic. Exophthalmic Goitre Medulla. 
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THE NATURE THE JAPANESE VERB, SO-CALLED. 


BENJAMIN SMITH LYMAN. 
(Read April 12, 1912.) 


the first place, what properly verb? The term was first 
applied clearly defined class Greek and Latin words, and has 
ever since been supposed belong words essentially similar 
character those and other languages. the old grammars un- 
dertake describe that character, verb word that signifies 
be, do, that is, broadly action; but the definition 
not general that might include even the words existence, action, 
experience? verb not more precisely and distinctively term 
that single word expresses not only being, doing, suffering, 
but the same time indicates personality, time, mood and voice, 
either all them, or, least, personality? personality, 
may included indication not merely the person strictly 
speaking (whether first, second third) the subject, but its 
number, and some languages its gender. Even the so-called im- 
personal verbs Latin showed that their true subject was the 
third person, either some undefined being, tonuit, thunders, 
clause, placet, pleases. may objected that many 
parts the English verb not themselves indicate personality 
all, in: work, you work, they work. But can an- 
swered, even without urging that the word work is, reality, not 
verb, that the general scheme inflection language not in- 
validated the fact that some cases the same form recurs; as, 
for example, the nominative, accusative and vocative Latin and 
Greek neuter nouns. is, however, preposterous set scheme 
inflection where all the forms throughout all the words the 
whole language are the same. the objection that may also 
raised that the infinitive and certain other parts of, for instance, the 
Latin verb not indicate the person the subject, might 
answered that those parts are not strictly verbs, any more than the 
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word action is, and that they have only been classed under verbs 
because they are mode formation closely connected with them, 
and have least some semblance voice, mood, tense, and govern 
any direct indirect object the same case the other verbal 
forms. may, however, admitted that for these reasons, espe- 
cially the last, certain forms without the distinction person may 
classed with verbs that have it; but may well considered 
extravagant set class verbs which not have any form 
whatever any indication person. 

The so-called Japanese verb is, clearly, not only lacking through- 
out every form the essential feature person (including num- 
ber and gender), but completely lacks also any true indication 
time, mood, voice; only voice there approach such 
indication, which, nevertheless, very readily explained without 
recourse the device calling the words verbs, and more 
marked indication than found the very words existence, 
action, experience, which one pretends call verbs. Indeed, one 
the absurdities our foreign grammars Japanese has been that 
the same particle that was called indication the object (the ac- 
cusative) verb the active voice, was necessarily called the sign 
the subject the same verb the passive voice. ob- 
jected that, according these principles, there would strictly 
speaking passive voice English, the fact may readily ad- 
mitted for the English passive seems really wholly factitious 
one, the nearest translation can give the Latin. 

The Japanese verb, then, word that indicates neither person, 
gender, number, time, mood nor voice; has, therefore, not single 
distinguishing characteristic the verbs other languages. 
plainly nothing but verbal noun (like working, striking, loving), 
with which agrees every respect, not only the presence the 
features which has, but the absence those which has not. 
Just like other nouns, has, times, postpositions joined it, and 
joined other nouns adjective, just nouns are used 
adjectives English. 

This real character the Japanese verb did not clearly appear 
me, field-work Japan, 1873, until after six eight months 
greenly groping, misled the common grammars; but, then, the 
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idea was the greatest value aiding progress the use the 
language. seemed, however, certain that principle ele- 
mentary, important and obvious must have been long ago perceived 
professed philologists, and should have been made familiar 
schoolchildren the outset linguistic studies. length, after 
two three months more absence the mountains, return 
Tokio made possible confident and successful search for some 
published elucidation the facts. was, sure, 
found only one place, brief and much too neglected note 
the great Wm. von Humboldt Oyanguren’s Japanese Grammar, 
published the Société Asiatique the Supplément Gram- 
maire Japonaise Rodriguez, Paris, 1826. Notwithstanding 
Humboldt’s knowledge Japanese was doubtless very slight, com- 
pared with what hundreds Americans and Europeans now pos- 
sess, his acumen was sufficient perceive that the Japanese verbal 
forms essentially differed from the European verb. said 


(page 
“Les verbes Japonais portent moins que ceux des autres langues car- 
verbal, par circonstance que leurs inflexions varient jamais, 
quant aux personnes (gram. Rodr., 26); car qui caractérise surtout 
verbe, c’est doit toujours avoir une personne qui soit affectée, 
tandisque les noms rapportent aux personnes que dans certains cas, 
sous certaines 
further points out that the subject the so-called verb con- 
nected with the verb the postpositions and ga, genitive particles 
turning the pronominal subjects into possessive pronouns, 
“et verbe est ainsi traité comme nom substantif. Japonais pas 
premiére langue dans laquelle j'ai cru trouver singulier 
pointing out, some weeks later, this evidence the sub- 
stantive character the verb fellow American exile who was 
beginning talk Japanese, said: But what difference does 
make whether you call verb verbal noun?” Certainly, the 
recognition the difference name, and fact, aids greatly 
learning the language. You, thereby, readily acquire the habit 
boldly, and the Japanese altogether intelligibly and naturally, con- 
necting the verbal noun with other nouns pronouns the pos- 
sessive other particles, using the verbal noun simply (like 
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any other noun) adjective before another substantive; and, 
knowing the real meaning the verbal noun, you not habitually 
attribute the distinctly different significance true verb, 
the greater less bewilderment the Japanese hearer. 

The varied forms the verbal noun which the names voice, 
mood, and tense have been given are compounds, especially with the 
so-called substantive verb, more less closely welded into single 
words. The passive voice formed compounding the verbal 
noun with another verbal noun, which the root meaning 
getting, receiving; as, striking-getting, striking-being-getting, 
striking-receiving, being struck, struck. The passive 
sometimes used potential sense, and as, for example, 
(to be) heard. Other compounds form what have been called 
the indicative, imperative, conditional, conjunctive, concessive, causa- 
tive and desiderative. like manner, yet other compounds have 
been called tenses, present, past and future. The so-called future, 
with the termination 00, ou, an, (so written, but really 
nasal vowels), derived from amu the older language, some- 
times more correctly called the dubitative, but much used 
use the future, something doubtful, probable, being applied more 
particularly future things; but often, our so-called future with 
us, present things; as, will so,” the case some prob- 
able explanation fact. The derivation the termination from 
amu seems really show that have here clear case what 
some learned philologists would consider shocking impossibility, 
derivation pointing back even the language, utterances, 
noises, brute animals; though can hardly seriously denied 
that human speech must have been originally derived from the 
utterances brutes, nor that wholly possible, and not quite 
absurdly extravagant supposition, that here and there some traces, 
relics, that remote age may yet found. The amu seems, 
fact, originally the h’m doubt, nasal with the mouth 
closed, which still used lower animals modern times, 
part what may called their language, the smelling un- 
known object. But nasal made with the mouth open, commonly 
softened essentially mark rejection (as regards the 
mouth, ejection, snort the lower animals) that is, denial. 
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The widespread use these sounds with unchanged significance, 
different languages, seems point clearly common origin 
the languages, spite differences grammar, which, sure, 
indicate remoteness affinity, yet cannot make credible that the 
origin human language was multiplex. Language can have had 
but single origin, and all languages must have come eventually 
from one source; and distant may the branching from com- 
mon stocks, should not considered incredible that occasional 
traces the original source should found languages unlike 
grammar. 

Indeed, there are many resemblances, coincidences, you please, 
between Japanese and European words; such as: mushi, insect, 
and Latin musca and French mouche, fly. But yet more striking, 
the demonstrative pronouns, this (near me), that (near you) and 
yonder (distant from both us). Japanese, though there are 
strictly personal pronouns, these demonstratives are respectively 
kore, sore, are (the appearing mean thing), the adjective 
pronoun forms, kono, sono, ano; which the distinctive syllables 
least the first two have remarkable etymological likeness 
the Latin hic, iste and ille (formerly olle), well as, for the first 
two, the Greek and and the Latin ego and tu. The word 
(according what you have heard) almost, quite, identical, 
both meaning and sound, Japanese and English and German; 
but said derived from 

One fundamental way grammatically classifying languages 
might based upon the general structure their sentences; and 
then, further, the welding, not welding into terminations. 
sentence has subject, theme (which not necessarily the agent 
action, the subject the Latin verb), agent, object 
(sometimes) and verbal word. The sentence, thesis, de- 
scription either the agent, the object, the action. Japanese, 
the verbal noun, naming the action, comes last, the goal, the 
thing described the sentence; the object (indicated the post- 
position wo, which might translated, connection with) 
comes before the verbal noun, and the agent (sometimes indicated 
the postposition no, genitive particles) comes before the 


3 
é 


» 


and the theme comes first, and sometimes also the agent, 
and indicated the particle wa. For example: Northampton, 
the landscapes are fine; “in Northampton” the theme, subject 
discourse, and Japanese would followed the particle wa, 
which might translated, “as to,” English, slight 
pause and comma would take the place that Chinese, 
there would probably slight pause. many cases, the agent 
the action also the theme, and followed wa. 

English and Chinese, the agent the verbal action comes 
then, the verb, verbal noun; then, the object, any, con- 
nection with which the action takes place. The object the thing 
aimed the whole sentence. this important respect, there 
strong resemblance between these two languages, which have 
commonly been considered irreconcilably unlike, and which are, 
course, historically extremely distant. languages may, 
the lapse ages, through tribal vicissitudes and migrations, un- 
dergo radical grammatical changes, and pass through stages 
wholly unlike their former condition, bring them into the same 
class with languages that had been widely different from them. 

Greek and Latin, the agent the goal the end the sen- 
tence, the ultimate thing described the whole thesis, sentence, 
and closely welded the verbal noun the form personal 
termination; while the object, the accusative, precedes the verbal 
noun (for example: Animum rege, qui nisi paret, imperat). The 
agent (the so-called subject the verb), more precise form pre- 
cedes the object; and, general, may considered the theme, 
subject discourse, and would Japanese followed the 
particle wa. 

course, the personal pronoun that welded the verbal 
root, the termination the verb, was originally separate word, 
which that noun was, the Japanese verbal noun frequently is, 
adjective (striking-I, working-you, loving-he), and, degrees, 
time, became abbreviated and joined that root single word. 
course, too, other terminations were first separate words, and 
gradually, ages repetition, became completely joined the root. 
For example, the termination the Latin infinitive, re, undoubt- 
edly the more less complete remains what was originally 
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separate word. When, thirty years ago, was suggested, meet- 
ing the American Society, that the Latin infinitive ter- 
mination re, not only meant thing, evidently does, but was con- 
nected with the Latin word res, was scornfully and crushingly 
objected that the infinitive originally ended se, and was much 
later changed re. But what that? much the better. 
makes yet more clear the close affinity between and both made 
the same part the mouth, with the attitude the tongue but 
slightly changed. The word res may, then, very likely have for- 
merly been pronounced likewise with initial instead and, 
any rate, the close affinity the two sounds makes plain the 
true meaning and origin the the Latin genitive and plural 
and nominative singular terminations, and the English possessive 
and plural terminations. The plural termination may have been 
originally doubling the simple singular form. course, 
those terminations, like the verbal ones, must have been, first, 
separate words with signification their own. The connection 
between the not yet united words must have been that adjective 
and and the like connection, the case genitive, 
possessive, must have existed between the yet unwelded compound 
and the name the thing possessed. For instance: 
was Charles-thing box. Undoubtedly, the other Latin terminations 
may eventually find like rational and simple explanation, with like 
originally adjectival connection. 

nothing against this simple and rational explanation the 
Latin infinitive termination re, and the Latin case termination and 
the English possessive and plural that even grammatically 
distant language Japanese almost precisely the same sound 
should similarly used. Call coincidence, you will, yet, even 
interesting. the ordinal numbers, hitotsu (one), futatsu 
(two), mitsu (three), etc., the syllable with very short 
apparently meant originally thing. bare counting, hi, fu, mi, etc., 
that syllable omited. 

Furthermore, the Japanese possessive particle, postposition, no, 
already mentioned, and translated of, evidently reality ab- 
breviation the word mono, which means thing, just 
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Latin and English terminations the same significance do. The 
literal translation Saburo katana would, therefore be: Sabu- 
ro-thing for Saburo’s sword; and the expression Saburo- 
thing would two nouns adjectivally connected, and that expres- 
sion, again, would adjectivally prefixed “sword.” The two 
words tsu and mono, both meaning thing, may either have originally 
had different origin, and been adopted into the language from dif- 
ferent sources, perhaps different times; may have had first 
slightly different shade meaning. may have meant thing 
itself, apart, independent, and connected with tatsu, standing, 
Latin stare. Mono may have meant rather single object, com- 
bination, united thing, the Latin unus, and the Greek povos, the 
English one. Even English, one often used the sense 
in, good ones, bad ones, little ones, big ones, young ones. 
The termination ing, also, appears have the same original mean- 
ing; as, (Latin amare, 

striking coincidence, say the least, that the German 
genitive and plural terminations are not only alike, the Latin and 
English ones are, but, together with, likewise, the infinitive termina- 
tion, are en, similar Japanese no. The same termination 
occurred antiquated English, and less than sixty years ago, about 
1854, myself heard countryman Massachusetts speak “two 
(that is, two housing, house-in’, with still quite intel- 
ligible meaning). Evidently, this termination, well ing, and 
the antecedent separate word from which they were derived must 
have had the same meaning the termination and its antecedent 
word; and must have been more less closely identical with the 
word one and the German ein, Latin unus, and Greek 

The other Japanese genitive particle, already mentioned, ga, 
appears contraction from no-ka, the being, perhaps, 
indefinite something, somewhat, like the Latin and probably 
the same the interrogative particle placed the end Japa- 
nese questions, kya (allied quid) placed the beginning 
Hindoostanee questions, plainly meaning what. defined 
Hepburn’s dictionary, not only sign the genitive case,” but 
“designating the subject intransitive verb, having also 
indefinite as: ame furu, rains” [that is, rain falling 
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and sometimes designating the object transitive verb, 
same [the usual accusative particle]: chichi nomitai, 
want nurse, said child” [of milk drink-wishing is]. These 
strangely mixed qualities possessive particle, verb-subject and 
verb-object are result calling mere verbal noun verb. 

This fact the close correspondence the possessive, plural 
and infinitive terminations Latin, English and German certainly 
remarkable, even without any reference corresponding sounds 
with the same meaning language grammatically and historically 
distant the Japanese; and should not disregarded out 
any prejudice against noticing verbal resemblances languages not 
closely related grammatically. appears, too, incontestable that 
the terminations are derived from what were once separate words, 
and that those words could have had more appropriate meaning 
than the one here assigned. 

English, the word of, unlike the Japanese genitive particles, 
postpositions, and ga, preposition placed before its noun. 
appears closely allied the word off, and indicate some- 
thing off from its noun, its offshoot, literally metaphorically. 
The French and Spanish de, and Italian di, commonly translated of, 
appear, however, the Latin de, and mean concerning, 
meaning somewhat different from and much closer the signifi- 
cance implied the adjectival relation. The adjective grouper, 
indicator class, with its noun specifier member mem- 
bers the group; as: good book, high mountain, country man, 
spring lock, dancing school. The French say: école danse, école 
des mines, school concerning dancing, school concerning mines, 
not off from dancing, off from mines. like manner: Départ- 
ement Department concerning the Interior; not off 
from the Interior, but Interior Department, the class, group, 
Interior things. So, with many other phrases that are apt bar- 
barously transferred, with mistaken desire for literalness, into 
English. 

Plainly, when the present terminations Indo-germanic lan- 
guages were their original form separate words, the connec- 
tion between words was purely adjectival, still Japanese, 
and may still regarded our western languages, bear 
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mind the true original significance the terminations; and all 
words should, then, considered strictly nouns, and 
adjectivally connected with one another, the parts compound 
words are always connected. The oversight this necessary con- 
nection two parts compound words, the first adjective 
the second, has led some common mistakes the real meaning 
the compounds, and the impression that the order the com- 
ponent parts made difference the meaning. For example, 
has been supposed that the meaning the names Theodore and 
Dorothy were the same; Theodore would God-gift, and Dorothy 
would Gift-goddess. Spermophile, seed-loving, Anglophile, Eng- 
lish-loving, Russophobe, Russian-fearing, are correctly used; but 
Phil-hellene means friendly Greek, and Philander, not man-loving, 
but loving (or friendly) man. Philadelphi 
Philadelphia means friendly brotherhood, not brotherly 
love. Philosophy would, accordingly, appear be, not love wis- 
dom, but friendly wisdom, the occupation the philosopher, 
friendly wiseman, contrasted with that the mere sophist; and 
the modern word philology (perhaps meaning properly science 
loving) should have been logology, glossology. That universal 
acceptance and high authority are not wholly unimpeachable guar- 
anty against mistranslations evident from flagrant errors that are 
seen outside the range our present subject. For instance, 
scholar profoundly versed the Chinese language has given cur- 
rency the translation Middle Kingdom” for the Chinese name 
China proper; but the same expression used Japan for the 
Central Provinces, Home Provinces (or our Middle States, which 
would written Chinese), and that appears the true 
meaning. The Japanese (or Chinese) name for Corea, Chosen, has 
somehow come translated Land the Morning Calm; but its 
real meaning Morning Earliness, sen meaning fresh, new, 
recently caught fish fresh. While Japan means Sun-rising, the 
country next westward appropriately called 
dently, cannot put implicit faith what has come, from high 
sources and has been widely accepted. 

Chinese, totally without welded terminations, words are plainly 
connected only the adjectival way, and as, the writing, there 
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are punctuation-marks, the meaning not always clear 
beginner. have the same source obscurity English, espe- 
ciaily shop-signs and brief inscriptions. Chinaman might, for 
example, find difficult know the precisely correct meaning 
inscription certain wagon Philadelphia: The largest old 
book store the city”; the signs: “Circular Saw 
“Fine Fur Felt North Broad Street Farmers’ Market”; 
the advertisement-heading: Excelsior Straightway Back Pres- 
sure or: The Vare School Garden Base Ball Team.” 
the spoken language, the pauses and intonations indicate the group- 
ing the words and the consequent meaning. The grouping might 
well shown printing with the hyphen; but that would irk- 
some manuscript writing, unless the hyphen should convention- 
ally written with little quirk, too small taken for the letter 
and without lifting the pen: Old-book store.” 

clear, then, that the so-called Japanese verb reality 
merely verbal noun, and that much gained calling 
its right name, and bearing its true character mind, and remem- 
bering that its connection with other words precisely adjectival, 
either adjective itself, the substantive adjective. 
plain, too, that European languages the terminations that 
give words the distinctive meaning different parts speech 
were originally separate words connected the same adjectival 
manner the present roots, and that the original significance 
those separate words before being welded into mere terminations 
was, the case the Latin and English genitive and plural termi- 
nations and the Latin infinitive termination (now re), 
simply thing; which, also, the original meaning the German 
possessive, plural and infinitive terminations en, and the anti- 
quated English plural termination en; and the termination ing 
English verbal nouns. The resemblance between the two western 
terminations and and the Japanese particles tsu and 
like meaning, though not all essential identifying the character 
the terminations, interesting, whether regarded merely 
coincidence languages grammatically far apart, 
relics, together with many others equally remarkable, from some 
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extremely ancient common language, leading back towards the 
original human language and even towards the utterances brute 
animals. the earliest languages must have had their 
words connected purely adjectives and substantives, still 
common English, and universally the case with the parts 
compounds. The English language shows that the grammar 
language may within few hundred years become radically changed 
and, spite historical and geographical remoteness, has acquired 
grammatical resemblance Chinese. 
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THE VALIDITY THE LAW RATIONAL INDICES, 
AND THE ANALOGY BETWEEN THE FUNDA- 
MENTAL LAWS CHEMISTRY AND 
CRYSTALLOGRAPHY. 


AUSTIN ROGERS. 


(Read March 1912.) 


Some fundamental law nature governs the position the 
faces crystal and limits number the faces which occur the 
crystals any one substance. Crystal faces are designated 
intercepts axes, which are chosen yield simple 
relations. Now found that the intercepts the various crystal 
faces given substance, each coordinate axis taken separately, 


Fic. The axes crystal. 


usually bear simple ratio each other such 1:0, 1:3, 2:3, 

face chosen because its prominence taken 

standard and the other faces are expressed terms it. The 

selected face called the unit face, its intercepts the three 

axes establish unit which, general, different for each axis, 

represented Fig. The intercepts the unit face which are, 
103 
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general, irrational constitute the axial ratios which are constants for 
each crystallized substance. For convenience calculation the re- 
ciprocal ratios the intercepts are used. These reciprocals are 
called indices Miller indices, Miller, English crystallogra- 
pher, was the first make extensive use The indices 
are usually simple numbers such (110), (210), (130), 
(321), (441), the unit face being (111). 

examine the statements concerning the rationality the 
indices crystal faces text-books and treatises find differ- 
ence opinion the exact definition the law. Some authors 


insist that the indices are small whole numbers, while others simply 


state the fact that the indices are whole numbers, usually, but not 
necessarily small. One crystallographer, Viola,’ goes far 
doubt the validity the law rational indices. Another investi- 
gator, believes that the law simple rational indices 
valid except one particular instance, that calaverite from 
Cripple Creek, Colorado. But, shows, assuming several 
interpenetrant space-lattices may valid even this case. 

Thus there are three possibilities consider: (1) The indices 
are always small rational numbers. (2) The indices are rational 
numbers, but not necessarily small. (3) The indices are not always 
rational and the law has meaning. subject such funda- 
mental one both theoretical and practical crystallography that 
seems advisable enquire into the history and status the law. 
Such the object this paper. 

The credit the discovery the rationality the indices due 
professor the humanities the University Paris, 
who developed from his theory crystal structure based upon 
cleavage observations. believed that crystals are composed 
minute cleavage fragments which called molécules intégrantes. 
Primary faces, according his view, are due the association 
the molécules parallel position, while secondary faces are due 
the omission the exterior the crystal step-like 

fiir Krystallographie und Mineralogie, Vol. 34, pp. 353-388 


Mineralogical Vol. 13, 122 (1902). 
Essai Theorie sur Structure des Crystaux.” Paris, 1784. 
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arrangement. According the omission usually one, 
two three, rarely four five rows molécules. Fig. shows 
the production (110) face this manner. the cubes were 
very minute the (110) face would appear smooth. This 
epoch-making discovery laid the foundation crystallography 
exact science and entitles the title “father crystal- 
lography.” With some modification has been the guiding prin- 
ciple crystallography since that time and should not abandoned 
unless the evidence clearly against it. 


Fic. The production (110) face. 


Some authors express the fundamental law crystallography 
the law simple mathematical ratio. Thus says: Ex- 
perience has shown that only those planes occur any crystal whose 
axial intercepts are either infinite small even multiples unity.” 
Tutton® also says: The indices any and every face crystal 
are three small numbers.” Small these quotations usually inter- 
preted not more than six. Faces with indices larger than six, 
according this view, are accidental and are usually relegated 
the list uncertain forms. There tendency consider forms 

Elements Crystallography,” 3rd ed., (1901). Similar state- 
ments are also made the text-books Bayley, Brush-Penfield, Moses and 


Parsons, Patton, and Van Horn. 
Crystallography and Practical Crystal Measurement,” 70, 
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with indices all complex doubtful even when the measurements 


indicate the 


The law simple mathematical ratio untenable. 


There are 


List witH COMPLEX INDICEs. 


Octahedrite ..... 
Baumhauerite... 


Apophyllite 


Fluorite 


Vanadinite 


Millerite ......... 


Pectolite......... 


Whewellite...... 


| 
Strontianite 


Danburite ..... 


hundreds measurements prove this statement. 


Angle. | Meas. 

100 
120 
110 
43-0.43.40 (p) 
1.0.25 (p) 


Calc. | 


314 


48} 


12, 180. 

Solly, Mag., 13, 
154. 

Brunlechner, 
Mitth., 12, 73. 

Ploner, Zs. 18, 


Whitlock, Bull. 140, 
St. Mus., 198. 
Mauritz, Zs. 39, 


29, 251. 
Zs. 33, 
263. 
Schaller, Bull. 262, 
S., 138. 


Palache and Wood, 


J. S. (4), 18, 355- 


96. 
Zambonini, Zs. 34, 
581. 

Jezek, int. Pacad. 
Bohéme, 
Kraus, (4), 27, 

218. 
Liffa, Zs. 36, 
Gonnard, Zs. 29, 


Beykirch, Min. 
Beil. 13, 
Weber, Zs. 37, 620. 
Zambonini, Zs. 37, 

13. 


The accom- 


panying tabulated list gives faces with complex indices for number 
minerals, which list could greatly extended space permitted. 


and Wood, American Journal Science, Vol. 18, 355, 1904. 
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These are selected because the good agreement between the 
measured and calculated angles. Outside its position certain 
zones the only proof face lies this agreement. Ordinarily 
agreement close ten thirty minutes arc sufficient 
establish face. For the common form-rich minerals, such 
orthoclase, tourmaline, fluorite, magnetite, pyrite, barite, anglesite, 
calcite, aragonite, cerussite, stibnite, hematite, etc., certain that 
some the faces have complex indices. convinced this 
fact let one look over the list forms the above mentioned min- 
erals Goldschmidt’s Krystallographische For 
calcite one half the forms (162 out 325) have indices greater 
than law simple mathematical ratio hardly compatible 
with this fact. 

Many crystals have what are called vicinal faces. These are 
faces with very high indices which replace faces with very simple 
indices. Thus apparent cubic crystals fluorite from the north 
England are reality bounded faces tetrahexahedron with 
the symbol (32-1-0). Here each cube face replaced very low 
four-faced pyramid. Vicinal faces are often regarded accidental 
some way irregular and are usually excluded from the law 
rational indices they are course inconsistent with the law 
simple mathematical ratio. they lie prominent zones and 
their arrangement conforms the symmetry the crystal which 
they occur, they can hardly excluded from the list faces, though 
their origin not clearly understood. The only possible argument 
for excluding them that the exact indices such faces can not 
always determined, for the agreement between measured and cal- 
culated angles must exceptionally good establish the face. 
found that alum very flat trisoctahedral faces replace the 
octahedral faces. one case the measurements indicated the sym- 
bol (251-251-250). Miers says, this form can not regarded 
established. may some other form with little different 


recent additions these lists see Whitlock, School Mines Quar- 
terly, Vol. 31, 320; Vol. 32, (1910). 

Transactions the Royal Society, Vol. 202, pp. 459- 
523 (1903). 


: 
| 
4 
ar 


108 ROGERS—THE VALIDITY 


symbol. But according Miers® these vicinal faces alum prob- 
ably have rational indices. 

decide exclude vicinal faces where shall draw the 
the zone (hko) faces, for example, have large 
series possible faces. (32-1-0) undoubtedly vicinal and 
perhaps are (25-1-0) and (20-1-0). The faces and 
are probably not vicinal, but what the intermediate faces? 
Such faces and (11-4-7) can hardly con- 
sidered vicinal, yet they are comparatively complex. There 
exact definition vicinal face. matter fact there are all 
gradations between very simple indices and very complex ones, the 
limit complexity apparently being determined the limits 
measurement. There seems proof indices least high 
(see the tabulated list apophyllite, danburite and calcite 
forms page 106). 

Finding that the indices crystal faces are often very large 
numbers few authors, notably express the opinion that the 
law rational indices has meaning. For course take 
the indices large enough any plane can expressed whole num- 
bers. manifestly impossible prove direct measurement 
that the indices all crystal faces are rational, for measurements 
are subject certain errors, the measured angle rarely ever coin- 
ciding with the theoretical angle. 

But, shall show, there indirect proof that the indices 
crystal faces are rational numbers. Since the time thou- 
sands crystals have been measured and among all these crystals, 
which include both minerals and prepared compounds the labo- 
ratory, only axes 2-fold, 3-fold, 4-fold, and 6-fold have 

Philosophical Transactions the Royal Society, Vol. 202, 476. 

“One reason why led believe that they are really referable 
rational, although not simple, indices the following: During the growth 
the crystal, one set vicinal faces being continually replaced another 
along certain zones; but the change not gradual, neither are the sur- 
faces curved; one plane reflecting surface replaced another plane; and 
although the images may for time multiple and confused, sharply defined 
images successively the substitution one image for another 


per 
Loc. cit., 363, Also kann das allgemeine Gesetz der rationalen Indices 


keine Bedeutung die Krystallographie haben.” 
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ever been found. Assuming that these are the only possible sym- 
metry-axes may that crystals consist regularly ar- 
ranged particles small finite distances apart, the arrangement 
about any particle being the same about any other. regular 
arrangement particles indefinite extent, there infinite 
number symmetry-axes, some which are parallel each other. 
Let and two parallel symmetry-axes with the minimum dis- 
tance between them. revolution about brings 
and similar revolution about brings A,. 
hypothesis the distance can not less than 
fore the angles revolution, and can not 
less than 60° and therefore symmetry-axis greater than six 
possible. Axes 2-, 3-, 4-, 5-, and 6-fold symmetry remain 
considered. revolution 72° 360°) around and 
brings two particles and smaller distance apart than the 
original minimum distance take and the 
original particle still smaller distance would result and 
infinitum. Revolutions 60°, 90°, 120°, and 180° are not con- 
trary the hypothesis minimum distance. Therefore only axes 
2-, 3-, 4-, and 6-fold symmetry are consistent with regular 
molecular structure. While the rationality the indices may not 
subject direct proof, the symmetry crystals can deter- 
mined measurement. The fact that only the types symmetry 
mentioned have been discovered makes practically certain that 
crystals are made regularly arranged particles some kind. 
Other facts point the same conclusion. 

Assuming homogeneity regular arrangement the particles 
crystals has proved that only thirty-two crystal classes 
combinations symmetry elements are possible. remark- 
able that all but one these classes, viz., the trigonal bipyramidal 
class (one plane symmetry and one axis 3-fold symmetry), 


Lewis, Treatise Crystallography,” pp. 136-137 (1899). Barlow, 
Philosophical Magazine (6th series), Vol. pp. 1-36 (1901). 

Philosophical (6th series), Vol. pp. 1-36 (1901). The 
thirty-two possible crystal classes were also deduced Hessel 1830 and 
independently Gadolin 1867. Both these authors base their work 
upon the law rational indices but Barlow’s work based upon homogeneity 
structure. 
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have been found either among minerals prepared compounds. 
Moreover, every crystal that has been carefully investigated can 
assigned one thirty-one out the thirty-two possible crystal 
classes. 

Physicists general assume the coarse-grainedness 
only fair assume that crystals the molecules particles 
are arranged definite and regular manner. The most compre- 
homogeneous solid, the physical properties which are the same 
parallel directions but, general, are different non-parallel 
directions.” 

order explain many the physical properties crystals. 
account the correlation between the geometrical 
(especially the optical) properties crystals practically certain 
that the crystal form outward expression regular internal 
structure. regular internal structure accounts the same time 
for the constancy interfacial angles and for diversity crystal 
habit. also seems impossible explain cleavage any other 
way. 

are made regularly arranged the 
centers which are small, finite distances apart, all crystal faces 
necessarily have rational indices for the faces are due the align- 
ment particles parallel position but with the omission par- 
ticles step-like arrangement. whole number particles 
always omitted. 

The indices are not necessarily small numbers but may often 
large numbers. Even the highest indices ever assigned crystal 
faces such the vicinal faces adularia 
and (200-157-0) are simple compared with the number particles 


Riicker, Report British Association for the Advancement Science, 
12. 

The size, shape, and nature the particles are immaterial. also 
immaterial whether they are contact Hatiy believed widely spaced 
modern physicists are inclined believe. stripped the structure-theory 
all hypothesis that becomes mere geometrical abstraction. only 
necessary assume that crystals are made parts. 
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The intimate connection between rational indices, molecular 
structure, and symmetry-axes with periods and can not 
denied. one true, pretty certain that the others are 
true. There direct proof only one these facts, viz., sym- 
metry-axes the kinds mentioned. This the empirical basis 
upon which argument rests. absolutely true that only axes 
2-, 3-, 4-, and 6-fold symmetry have ever been found and 
very probable that these are the only ones that ever will found. 
Suppose crystals with axis 5-fold symmetry should in- 
cluded possible. five-fold axes are possible, axes 7-, 8-, 9-, 
10-fold, etc., would also possible, for the minimum possible dis- 
tance between two particles excludes axes with periods greater than 
for the same reason that excludes those with period 
Then instead crystal classes with one gap filled, 
should have indefinite number crystal classes but with only 
them yet found nature. 

Even grant that the indices are rational numbers, crystal- 
lography would still very complicated for the number possible 
rational ratios very large. the orthorhombic system, for ex- 
ample, there are 1,037 possible forms with indices not over 10. Yet 
for the mineral topaz, which leads all orthorhombic minerals 
the number forms there are only about 125 known forms. For 
all orthorhombic minerals taken together there are only about 386 
known forms with indices not over 10. all known substances 
calcite has the greatest number crystal forms, about 325 well- 
established ones with about 140 uncertain ones. Only about half 
(162) the forms have indices greater than yet the possible 
number forms the calcite class with indices not greater than 

need explanation that will reconcile the observed fact that 
the indices are usually simple with the fact that they are occasion- 
ally complex, the complexity, general, increasing with the rarity. 
Such explanation furnished the structure-theory 
assumes that the centers molecules occupy 
the points space-lattice. kinds space-lattices, con- 


That is, and the symbol are not greater than 
Cristallographiques,” Paris (1866). 
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stituting various styles crystal architecture, are necessary 
account for the crystals various systems. 

The crystal faces most frequent occurrence are, according 
Bravais, those planes which the points the space-lattice are 
most closely packed. These are faces with simple indices can 
seen from Fig. Faces with complex high indices are planes 


. 


with the points relatively far apart (Fig. 3). well-known fact 


100 


The relative frequency occurrence crystal faces. 


that the same forms are not common for every crystal even the 
same system. The space-lattice distinctive for every crystal ex- 
cept those the isometric system and even this system there are 
three kinds space-lattice possible. The following statistics, com- 
piled from Goldschidt’s Krystallographische Winkeltabellen,” will 
give idea the relative abundance the various forms. Tak- 
ing the zone for 206 orthorhombic minerals, thus eliminating 
individual peculiarities, occurs 134, (100) III, (110) 
144, (120) 66, (210) 48, (130) 43, (230) 29, (320) 
22, (310) 20, (150) 17, (430) (340), (530), and (410) 
(160), (250), and (10-9-0) each (650) and (750) 
each, (170), (710), and (740) each, (510) (970), 
and many forms including (7-11-0), (10-7-0), 
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attempts explain the relative frequency crys- 
tal forms different method from that Bravais. Assuming 
(100) and the primary faces the zone 
secondary faces result the addition the indices. Thus adding 
100 and o10, index index, have the first complication, 
Adding 100 and 110, also 110 and have 210 and 120 
the second complication and on. The relative frequencies 
crystal forms for the hko zone are, according Goldschmidt’s law 
complication, the following order. 


100 


310 320 230 


| 

210 120 
130 


410 520 530 430 340 250 140 


Although Goldschmidt’s law complication accounts gen- 
eral way for the relative frequency crystal forms does not 
fully explain the observed facts. According Goldschmidt (210) 
and (120) should equal frequency should also (310), 
(320), (230), and (130). Yet (120) occurs orthorhombic 
minerals while (210) occurs only form (130) 
orthorhombic minerals while the other three forms mentioned 
occur only 29, 22, and minerals respectively. Out 206 
combinations (120) occurs times and (210) only 
twice. The explanation these apparent discrepancies that 
the orthorhombic system the a-axis shorter than the b-axis and 
consequently molecules are more closely packed along (120) than 
along (210). Hence (120) more frequent than (210). With 
many orthorhombic crystals, for example cordierite, chalcocite, 
chrysoberyl, columbite, and witherite (130) occurs the exclusion 
(120). 

the monoclinic system the a-axis either shorter longer 

Zeitschrift fiir Krystallographie und Mineralogie, Vol. 28, pp. 1-35, 414- 
451 (1897). Moses, School Mines Quarterly, Vol. 25, pp. 


415-420 (1904). 
Hermann, Zeitschrift fiir Mineralogie, Vol. 39, 478 (1904). 
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than the b-axis. Out monoclinic minerals with less than 
unity, occurs 56, but (100) only while (120) occurs 
23, but (210) only 13. Out monoclinic minerals with 
greater than unity, (100) occurs 60, but only while 
(210) occurs 16, but (120) only 13. shorter than 
the molecules are more closely packed along (o10) and (120) than 
along (100) and (210), but longer than the reverse true. 

Out 168 combinations orthoclase (including microcline) 
crystals given Hintze’s der Mineralogie,” 


Fic. The probable structure orthoclase. 


occurs 133, but (100) only 22. The form (130) occurs 
times but (120) occurs only once! This remarkable case ex- 
plained assuming the structure that the monoclinic 
clinorhombic prism, one the space-lattices Bravais. can 
seen from Fig. that the molecules are more closely spaced along 
(130) than along (120). 

certainly true that the form-series differs for various crys- 
tals, but according the law complication the form-series should 
alike for all crystals and all 

For those who are familiar with chemistry, the whole matter 
indices, rationality, crystal structure, and relative frequency 
crystal faces may cleared considering the analogy between 
the fundamental laws and theories chemistry and those crys- 
tallography. 

Goldschmidt cit.) explains the differences the form-series 
assuming outer disturbing influences. These undoubtedly have effect but 


certain discrepancies are more easily explained the law maximum 
reticulate density. 
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For the crystals any one substance the angles between corre- 
sponding faces are constant. This law known the law 
constancy interfacial angles. corresponds the law defi- 
nite proportions chemistry. 

The proportions which two elements combine determines the 
atomic weight the elements. analogous way the intercepts, 
which are determined certain constant interfacial angles, establish 
the axial ratio which, like the atomic weight, constant. 

Crystal measurement corresponds quantitative analysis 
chemistry. Exact measurements establish the axial ratio crys- 
tal just exact analyses establish the atomic weight element. 

Two chemical elements and unite not only form the com- 
pound but also the compounds AB,, A,B, etc. This fact 
known the law multiple proportions. These proportions for 
most chemical compounds are usually simple but many com- 
pounds, especially those containing silicon carbon, they are often 
far from simple. Among silicate minerals have such compounds 
and Among organic com- 
pounds have and many others 
with fifty more carbon atoms the molecule. spite these 
complex formulz all chemists accept the law multiple propor- 
tions established fact. Without chemistry would scarcely 
deserve called science. The law rational indices 
crystallography corresponds the law multiple proportions 
chemistry. The same difficulties are encountered crystal meas- 
urement quantitative analysis. That is, there are certain errors 
which usually render impossible prove absolutely the law 
rational indices the law According 
Jaquet the formula hemoglobin (of the dog) 
This formula can hardly regarded established. 
may little different but very probable that these elements 
unite definite proportions. This exactly analogous vicinal 
faces such (251-250-250) observed alum Miers. 

The law multiple proportions was deduced Dalton from 
his atomic theory before there were accurate analyses prove it, 


Organic chemistry has advantage over inorganic chemistry that 
the may usually determined the method formation. 
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just the law rational indices was deduced Hatiy from his 
theory crystal structure. chemical compounds are made 
atoms they must necessarily unite definite proportions. This 
will recalled precisely analogous the argument used for 
proof the rationality the indices. crystals are made 
particles molecules, the crystal faces necessarily have rational 
indices. 

Two more given elements not unite all possible pro- 
portions but comparatively few, usually simple, proportions 
which explain the term valence. There are but two oxids 
mercury and HgO which explain saying that the 
valence mercury one and two. This analogous the limita- 
tion imposed the law complication Goldschmidt the law 
maximum reticulate density Bravais. 

complete the analogy between the laws and theories crys- 
tallography and chemistry let consider the periodic law and its 
analogue. Mendeléef, the Russian chemist, predicted the existence 
several chemical elements, scandium and gallium, which called 
ekaboron and eka-aluminum, before they were discovered. Not less 
remarkable was the deduction Hessel, German mathematician, 
the thirty-two possible types symmetry crystals, assum- 
ing 2-, 3-, 4-, and 6-fold symmetry-axes, 1830, time when 
only about half them were known. the thirty-two possible 
types symmetry, only one remains found. 


SuM 


Judging from various text-books and articles difference 
opinion exists the exact meaning the law rational indices. 
Some authors limit the indices simple numbers while others 
admit that occasionally the indices are large numbers. Unfortu- 
nately this question can not decided direct measurement the 
angles account errors measurement. crystals possess 
axes only 2-, 3-, 4-, and 6-fold symmetry they must consist 
regularly arranged molecules, particles some sort, whatever 
their nature may be. Crystal faces, then, necessarily have rational 
indices. The indices are usually small numbers but may also 
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complex, the complexity general increasing with the rarity the 
face. The structure theory Bravais offers satisfactory ex- 
planation the abundance faces with simple indices and the 
rarity faces with complex indices. There remarkable analogy 
between the fundamental laws chemistry and crystallography. 


STANFORD UNIVERSITY, 
CALIFORNIA, 
Feb., 1912. 
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DYNAMICAL THEORY THE GLOBULAR CLUSTERS 
AND THE CLUSTERING POWER INFERRED 
HERSCHEL FROM THE OBSERVED FIGURES 
SIDEREAL SYSTEMS HIGH ORDER. 


(Read April 19, 1912.) 


VIII (bis) IX.) 


REMARKS. 


More than century and quarter have elapsed since was con- 
fidently announced Sir William Herschel that sidereal systems 
made thousands stars exhibit the effects clustering 
power which everywhere moulding these systems into sym- 
metrical figures, the continued action central forces 
(Phil. Trans., 1785, 255, and 1789, pp. 218-226). support 
this view cited especially the figures the planetary 
and the globular clusters, well the more expanded and irregular 
swarms and clouds stars visible the naked eye along the course 
the Milky Way, which thus appears traverse the heavens 
clustering stream. And yet notwithstanding the early date this 
announcement and the unrivaled eminence Herschel, only 
very recently that astronomers have begun consider the origin 
sidereal systems the highest order. 

The historical difficulty solving the problem n-bodies, when 
exceeds which dates from the establishment the law 
universal gravitation Newton 1687, will sufficiently account 
for the restriction the researches mathematicians the plane- 
tary system, where the central masses always are very predominant, 
the orbits almost circular and nearly common plane, and other 
simple systems such the double and multiple stars: but owing 
the general prevalence the clustering tendency pointed out 
Herschel and now found work throughout the sidereal uni- 
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verse, becomes necessary for the modern investigator consider 
also the higher orders sidereal systems, including those made 
thousands and even millions stars. only such com- 
prehensive view nature, which embraces and unites all types 
systems under one common principle, that may hope establish 
the most general laws governing the evolution the sidereal universe. 

Accordingly, although the strict mathematical treatment the 
great historical problem but little advanced the 
recent researches geometers, yet could arrive the general 
secular tendency nature, from the observational study the phe- 
nomena presented highly complex systems stars, operating 
under known laws attractive and repulsive forces, the former 
for gathering the matter into large masses, the latter for redistribut- 
ing the form fine dust, the result such investigation 
would guide towards grasp problems too complex for rigor- 
ous treatment any known method analysis. 

Now happens that the second volume the Researches 
the Evolution the Stellar System,” 1910, the writer was able 
establish great generality the processes cosmogony, and show 
that the universal tendency nature for the large bodies drift 
towards the most powerful centers attraction, while the only 
throwing off masses that ever takes place that small particles 
expelled from the stars under the action repulsive forces and 
driven away for the formation new The repulsive forces 
thus operate counteract the clustering tendency noticed the 
elder Herschel, and clearly foreseen Newton inevitable 
effect universal gravitation upon the motions the solar system 
that believed the intervention the Deity eventually would 
become necessary for the restoration the order the world (cf. 
Newton’s Letters Brewster’s Newton,” Vol. 
and Chapter XVII., and Appendix X). 

whilst the argument developed the second volume 
“Researches” gives unexpected simplicity, uniformity and continuity 
the processes cosmogony, there has not yet been developed, 
far know, any precise investigation the attractive forces oper- 
ating globular clusters, which might disclose the nature the 
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clustering power noticed Herschel progress throughout 
the sidereal universe. Such investigation the central forces 
governing the motions clusters very desirable, because might 
expected throw light the mode evolution clusters 
the highest type the perfect sidereal system. can shown 
that clustering power really work, and such nature 
produce these globular masses stars, will less important 
consider the details those systems which have not yet reached 
state symmetry and full maturity; for the governing principle 
being established for the most perfect types, must held 
the same all. 


GENERAL EXPRESSIONS FOR THE POTENTIAL ATTRACTING 
Mass. 

have mass any figure whatever, which the law 
the element dm’ the attracting mass, and this element attracts 
unit mass whose are then the element the 


attracting mass 
dm’ (1) 


And the expressions for the forces acting the unit mass when 
resolved along the axes become 


(2) 


The potential function itself obviously 
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spherical may take the angle for the longitude, 
for the latitude, and for the radius the sphere; and then the 
required expressions become 


, 


The element mass dm’ defined (1) has the equivalent form 

The element the potential due this differential element 


sin 


(6) 


and the general expression for the potential becomes 


I 


make use the equations (1), (4), (5) equation (2) 
may obtain the corresponding expressions for the forces resolved 
along the axes: 


e/0 0 0 


These expressions will hold rigorously true for any law density 
whatever, long finite and continuous. the physical 
universe these conditions always are and hence these sev- 
eral integrals can evaluated, they will give the potentials and 
forces exerted unit mass attracting body such cluster 
stars, the spherical shell surrounding the nucleus cluster. 

But before considering the attraction cluster detail, 
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shall first examine the cumulative effect central forces the law 
density. problem intricate and must treated methods 
great generality, but will elucidate the subsequent procedure 
for determining the attraction such mass upon neighboring 
point, shall give the analysis with enough detail establish clearly 
the secular effect close appulses individual stars upon the figure 
and internal arrangement these wonderful masses stars. 


Ill. Tue CuMULATIVE THE CENTRAL FORCES UPON THE 
FIGURE AND COMPRESSION GLOBULAR CLUSTER STARS. 


compression, with density increasing towards the center. Imagine 
the whole the mass the epoch divided into two parts 
spherical surface radius drawn about the center gravity 
the entire and let the external boundary the cluster 
chosen that star, from the motions existing the initial epoch, 
will cross the border The stars the outer shell, between 
the surfaces and with will give rise 
potential Those the nucleus series internal shells, be- 
potential Accordingly have 


And the forces resolved along the axes are 
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with similar expressions for 


The integration for the mutual potential energy the stars 
the outer shell relative those the central sphere radius 
leads sextuple integral 


And the total the mutual attractive forces resolved along the 
coordinate axes are 


with similar expressions for 


Now easy prove (cf. Thomson and Tait’s Natural Phi- 
losophy,” that the sextuple integral (11) can put into 
the form 


actual derivation the expressions (9) easily find that 


equivalent 1), and therefore 


being introduced owing the integration over the closed sphere 
surface (cf. Williamson’s Calculus,” edition 1896, 
330; Bertrand, Integral,” 480). 

the right members (13) give the mutual potential energy 
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the bodies the system, suffices for deal with the integral 
(14). This triple integral admits transformation Green’s 
theorem Essay the Application Mathematics Electricity 
and Magnetism,” Nottingham, 1828). and functions 
are finite and continuous for all points within given closed sur- 
face easy show (cf. Williamson’s Integral Calculus,” 7th 
edition, 1896, 328; Riemann, Schwere, Electricitat und Mag- 
netismus,” 73; Thomson and Tait’s Natural Philosophy,” Part 
I., I., 167; Bertrand, “Calcul Integral,” 480): 


f ( ex Ox oy ) 


The case which one the functions, for example, becomes 
infinite within the surface was also considered Green, and 


prime importance the present investigation the theory globu- 
lar clusters. simplify the treatment, suppose become in- 
finite one point only; then infinitely near this point may 
taken sensibly equal 1/r, where the distance from 
Imagine infinitely small sphere, radius described about 
center. Equation (15) obviously applicable all points 
exterior this little sphere. Moreover, since 


(16) 


clear that the triple integral the right members (15) may 
supposed extend through the entire enclosed space since the 
part arising from the points within this little sphere small quan- 
tity the same order and therefore the second order 
small quantities. 

Moreover, since near the function sensibly equal 1/r, 
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the part due the surface the sphere in- 


finitely small the order the radius which the first order 
small quantities, and may therefore neglected. only remains, 


surface. 
supposed vary continuously, may take for the 
value which that attained the point Then, since 


the integral over the sphere will become 


Accordingly, the equation (15) becomes 
,OV CV 


these before, the triple integrals extend through the 
whole space, and the double integrals over the whole surface. 
had become infinite, instead there would have been the corre- 
sponding term added the right member (19). 
Now globular cluster stars subjected the mutual gravi- 
tation its components over long ages, many close approaches will 
eventually develop: and they may depend the wandering stars 
within either the outer shell the central sphere, from the shell 


(20) 
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the sphere vice versa. Therefore both and may become 
infinite from the appulses stars under the secular effects the 
mutual gravitation the stars the cluster. denote 
and the Laplacean operation indicated (16), applied the 
functions and the right members equations (19) and (20) 
when modified include the appulses accumulating cluster over 


long ages, become 


OV i=i 
i=1 
i=l 


our present problem the triple integrals may neglected, since 
and are each zero, evanescent, the small spheres 
where the appulses occur, and even here are small quantities the 
order Hence (14) the secular equations become 


(21) 


Over very great intervals time, reckoned, Herschel 
believed, millions ages,” the number appulses may taken 
proportional the time either the original shell the 
original sphere. instead the summations the 
right members (22) and (23) could introduce terms depending 
directly the time, and thus write 
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where and are positive numerical coefficients the form unde- 
termined multipliers. 

Now significant that the surface integrals negative terms 
are attached increasing rates proportional the time. 
members (24) cannot therefore constant, but must decrease 


with the time. and depend the the initial 

epoch and the derivatives and depend the same ele- 
ments, progressive decrease the double integrals, satisfy the 
right members (24), implies that the the entire 
system must change that the surface decreases. Thus the glob- 
ular cluster undergoes secular compression, owing the accumu- 
lation appulses, and the shrinkage the bounding surface. 

well known that under the operation universal gravitation 
the bodies system, starting from any initial distribution, tend 
fall together, that the potential energy diminishes. When the 
number bodies very large becomes impossible for the motions 
simply periodic, like that planet comet moving 
Keplerian ellipse but although the nature the non-reéntrant orbits 
cannot predicted any known method, possible say that 
the potential energy the system tends incessantly minimum, 
while the maximum the total energy becomes kinetic, and ex- 
pended producing large velocities the bodies. The left member 
(24) therefore incessantly decreases, owing the exhaustion 
the potential energy. This accords with what, purely mathemat- 
ical grounds, found the effect appulses, the right 
member (24). universal gravitation acts clustering 
power, and when the figure cluster rendered globular, the 
dimensions the system further diminished under the secular 
effect appulses and exchanges velocities going within the 
mass stars. 

view the above considerations evident that the right 
member equations (24) should include independent negative terms 
take account the effect general shrinkage, without regard 
appulses due close approach. Thus the final forms these 
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equations become: 
,oU 


where and are positive numerical coefficients the form 
undetermined multipliers. The first these negative terms depends 
appulses due close approach, the second the general shrink- 
age due the mutual attraction the stars the cluster all 
distances. 

The action the clustering power upon the figure cluster, 
Herschel remarked (Phil. Trans., 1789, 219), analogous 
that gravity the figure planet. might compared also 
the well-known effect surface tension the figure drop 
dew drop mercury, etc. these last phenomena the sur- 
face made minimum, for given volume, the restriction the 
elastic layer constituting the outer boundary. soap bubble also 
good illustration such minimal surfaces, the mathematical theory 
which has been placed strictly rigorous basis the researches 
the late Professor Weierstrass, one most revered teachers 
the University Berlin. the case the clusters, however, 
have not only tendency minimal surfaces, but also for such 
internal arrangement the stars with increase density towards 
the center will reduce the potential energy the system mini- 
mum. The theory the clusters therefore much more complex 
than that simple minimal surfaces, such see drops 
dew soap bubbles, which the analysis Weierstrass applicable. 

the case the minimal surfaces the type rigorously treated 
Weierstrass, the determination the minimum found the 
usual condition the calculus variations, 


(26) 


where the function represents the surface. 
the more general problem clusters, the determination the 
minimum potential energy applies every shell well the exter- 
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nal surface, and thus for the concentric shells have 


where the equation any surface. 

Moreover, the clusters involve two additional conditions, the first 
being that each layer the density shall depend wholly the 
radius, and not all the angles usually used polar 
dinates. any point any layer taken pole suffices 
regard simply the new polar angle and the required condition 


(28) 


where the law density any shell, the new angle 
alone being sufficient where there fixed pole. The second 
condition that the law density respects the radius shall 
suitable and the same throughout the mass; that every part the 
form the density function does not vary respects the radius: 


The actual arrangement any given cluster may not perfect, but 
nature always and everywhere works towards the fulfillment these 
conditions. 


IV. LAw DENSITY GLOBULAR CLUSTERS. 


the Monthly Notices the Royal Astronomical Society for 
March, 1911, Mr. Plummer, Oxford, has important 
paper “On the Problem Distribution Globular Star Clusters.” 
For earlier data the distribution stars clusters refers 
statistical paper Mr. Plummer (Monthly Notices, June, 
1905, Vol. LXV., 810), and the much earlier investigations 
Professor Pickering (Harvard Annals, Vol. XXII.) and 
Professor Solon Bailey (Astronomy and Astrophysics, Vol. 
689). 
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Among the results cited from the researches Pickering and 
are these: 

The law distribution essentially the same for different 
clusters. 

The bright stars and faint stars cluster obey the same law. 

Mr. Plummer also availed himself the important re- 
searches Dr. von Zeipel the cluster Messier (Annales 
Paris, Tome which method was de- 
veloped for finding the law distribution the stars space, from 
the observed law distribution the projection see it. Dr. 
von Zeipel effected this transformation means theorem due 
Abel. subsequently compared his results for Messier and 
Omega Centauri with the densities expected spherical 
mass gas isothermal equilibrium. 

his paper March, 1911, Mr. Plummer investigates the law 
density for the clusters Omega Centauri, Toucani, and the 
great cluster Hercules (M. 13). the use von Zeipel’s 
method finds that these three clusters there very good 
agreement respects the law density. the accompanying 
table give the ten points Plummer’s empirical curve den- 
sity, based recent photographs. For the sake comparison 
give also the corresponding points for the laws density and 
pressure for sphere gas following the monatomic law and 
convective equilibrium, developed the writer’s researches 
the Physical Constitution and Rigidity the Heavenly 
(Astron. Nachr., Nos. 4053, 4104). The nature these three laws 
best understood from the accompanying illustration, Fig. 

The cluster density greater near the boundary, the curve 
tending become asymptotic, there definite boundary 
the mass stars. 

The cluster density also appears relatively greater near 
the center, that the curve intersects the monatomic curves the 
outer parts the radius but again unites with them the center, 
after falling and pursuing different course between the surface and 
the center. 

the apparent density the stars cluster consider- 
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Distance from 


Density Star 


Center Clusters 
0.0 1.00 
0.87 
0.2 0.63 
0.3 0.38 
0.4 0.24 
0.5 0.145 
0.6 0.085 
0.7 0.062 
0.035 
0.9 0.025 
1.0 0.020 


See’s Law Density 
Sphere Mon- 
atomic Gas 
Convective 
Equilibrium. 
1.00 
0.97 
0.90 
0.74 
0.58 
0.42 
0.28 

0.008 
0.0025 


Illustrating the internal arrangement globular cluster. 


131 


See’s Law Pressure 
Sphere Monatomic Gas 
Convective Equi- 


1.00 
0.95 
0.80 
0.60 
0.40 
0.235 
0.118 
0.048 
0.014 
0.002 
0.000 


| 
| 
| 
| 
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able, and the images spread somewhat the plate, possible 
that longer photographic exposures better plates, which the 
images not spread, would give relatively more stars the region 
the middle the radius the cluster, and thus bring the law 
density for clusters into essential agreement with the monatomic 
law density. 

Further photographic observations, with the best modern instru- 
ments, alone would decide this question. final decision can not 
made yet, but order have the judgment the best con- 
temporary astronomical photographer the subject, have recently 
referred the question Professor Adams, acting director 
the solar observatory Pasadena, who reports follows: 

regret that cannot give answers which would all conclusive 
your questions regarding the distribution the fainter stars star clusters. 
the present time only few counts have been made upon our photo- 
graphs. far these go, they not appear show any tendency the 
part the fainter stars predominate around any particular portion the 
radius the cluster, but rather for the distribution tolerably uniform. 
The problem made difficult the fact that the central part our photo- 
graphs almost always burned out, that counting impossible for some 
distance along the radius. have begun, however, take series photo- 
graphs clusters, giving exposure times with ratio 2.5. These 
should help greatly providing answer your questions.” 

the whole the indications are that the capturing process 
drawing stars from without still going on. This would ac- 
count for the small density near the outside the cluster, and also 
the great central density, the latter being accumulative effect 
the various shells the course millions ages. 


ASSUMED UNDER THE ACTION CENTRAL 

Researches,” Vol. 1910, have outlined the process 
which the nebule form the aggregation dust from dis- 
tance; and shown that the collecting streams may often take the 
spiral form, and this early stage are not symmetrical figure. 
The general integrals Section are required express the at- 
traction these unsymmetrical masses. But true sidereal sys- 
tems old and fully developed the globular clusters are known 
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be, state very perfect symmetry has been attained through 
the oscillations the entire mass, and the mutual adjustments the 
parts the system, and the rounding the orbits under the 
secular action the resisting medium, implied Plato’s remark 
that the Deity always geometrizes—o this 
latter process have dwelt some length address The 
Foundations Cosmogony,” delivered the St. Louis Academy 
Sciences, May 1911, and printed the Memorie delle Societa 
degli Spettroscopisti italiani, Rome, Vol. XL., 1911; and another 
address entitled The Evolution the Starry Heavens,” delivered 
the California Academy Sciences, Aug. 1911, and printed 
Popular Astronomy for November and December, 
Herschel’s theory the spherical figures clusters (Phil. 
Trans., 1789, 217), conceived made series concen- 
tric shells uniform density, but with increasing accumulation 
towards their centers, confirmed modern photographs vari- 
ous clusters shown the accompanying plates from 
searches,” Vol. The attraction mass this kind thus be- 
comes similar that sphere made concentric homo- 
geneous layers, but with the density increasing towards the center. 
The integration for the central attraction these perfectly sym- 
metrical figures thus need not involve but only the radius 
the central density the cluster, and the density 
any point whose distance from the origin the codrdinates the 
center shell density and thickness will have the mass 


And the sphere enclosed this shell will have the mass 


where the average density the enclosed layers included be- 
tween and Thus have 


the surface the cluster the gravity the entire mass will 
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become 


where the mass all the stars and the exterior radius 
the cluster. the value the force gravity the cluster 
any point below the surface, distance from the center, 


The outer shell the cluster here neglected exerting attrac- 


shall have 


tion point within, was long ago established Newton for 
homogeneous solid bodies (cf. Lib. Prop. 
prob. XLV., Cor. 3). 

within the cluster, have the relation 


The evaluation this ratio depends the integrals between the 
assigned limits, one corresponding the entire sphere radius 2’, 
and one the part the sphere included within the radius 
Thus the integrals depend the law density the cluster. 
have already seen from the researches Dr. von Zeipel, and 
Mr. Plummer that the accumulation density towards the 
center appears slightly exceed that sphere monatomic gas 
convective equilibrium and fulfilling adiabatic conditions (A. N., 
4053, and N., 4104). 

Although the monatomic law may not hold strictly true clus- 
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ters, yet seems worth while examine the results which will 
follow from this law. N., 4053, 327, shown that 


(36) 


where the expression for with the correction noted N., 4104, 
386, 


(37) 


Now substitute the value from (36) the integrals 
(35), they are reduced two series which may called and 
the latter having the same form (37) but the limit instead 
Accordingly (35) becomes 


| I 4 2 x 75 (3 8) 


the coefficients the series and are the same, may cal- 
culate from the equation (37) (38) the value the ratio 
suitable intervals throughout the sphere, and ascertain rigorously 
the law the variation. The results calculations are given 
the following table and illustrated the corresponding curve 


Fig. 
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SHOWING DECREASE CENTRAL GRAVITY SPHERE MONATOMIC 
EQUILIBRIUM. THE DECREASE CENTRAL GRAVITY 
ACCUMULATION THE CENTER. 


Distance from Center. Ratio Internal Gravity Surface Gravity. 
x’ G 
1.0 1.00000 
0.9 0.92503 
0.8 0.84378 
0.7 0.75495 
0.6 0.65975 
0.5 0.55928 
0.4 0.45317 
0.3 0.34769 
0.2 0.23069 
0.11587 
0.0 0.00000 


works the theory potential and attraction the following 
theorems are demonstrated and well known: 

That sphere either homogeneous made concentric 
spherical shells attracts external point collected its center 
Newton’s Lib. I., Prop. LXXVI., Theorem 

That homogeneous spherical shells attract external points 
collected their centers figure, and exert attraction 
points within Principia,” Lib, I., Prop. LXX., Theorem 
Also point within the sphere attracted force proportional 
the distance from the center Lib. I., Prop. 
Theorem XXXIII.); and the same theorem holds for the spheroid 
made concentric spheroidal shells Principia,” Lib. Prop. 
XCI., Prob. XLV.). 

That ellipsoidal ellipsoidal shells any thick- 
ness made homogeneous layers, bounded two ellipsoidal 
surfaces, concentric, similar and similarly placed, likewise exert 
attraction points within, shown Newton the Prin- 
(Lib. Prop. XCI., Prob. XLV., Cor. for the case 
the spheroid, which corresponds the figure and internal arrange- 
ment density such bodies the planets, sun, and stars. 
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illustrate the simple case homogeneous sphere, re- 
mark that attracts point its surface with force 


where the density, and the radius. This equation shows that 
all points within the sphere are attracted the center forces 
proportional the radii the shells which they are situated, 
since the external shells exert attraction points within. 

Let the solid sphere set rotating steadily about axis; then 
the central forces the various points are proportional the 
radii described the points, there will tendency arising from 
the central attraction for any shell displaced with respect 
the shells within without, once the condition equilib- 
rium attained, but the central accelerations will everywhere tend 
secure steady motion without relative displacement the parts 
the sphere. The same true the centrifugal force, after the 
adjustment suitable figure equilibrium; for the centrifugal 
force equal being the velocity the particle and the 
radius describes; for this gives 


(40) 
and common for all particles the force has the same form 
here equation (39). 

What here proved for the simple case the homogeneous 
sphere, will obviously hold also for sphere made concentric 
spherical shells uniform density for the theorem will hold for all 
the points within. similarly for ellipsoidal sphe- 
roids such the planets, sun and stars. any these masses 
have attained uniform movement rotation, there tend- 
ency produce relative displacement the parts. 

Now the simple equation (39) shows that similar theorem 
holds for the internal dynamics globular cluster, the component 
stars which have attained state equilibrium following 
definite law density depending only the radius. But before 
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treating this length, shall recall suggestive investigation 
Sir William Herschel printed the Philosophical Transactions for 
1802 (pp. under the title Catalogue 500 New Nebule, 
Nebulous Stars, Planetary and Clusters Stars; with Re- 
marks the Construction the Heavens.” 


1802. 


the important paper just cited Herschel first discusses 
Binary Sidereal Systems Double and then proceeds 
Section more complicated sidereal systems, treble, quad- 


ruple, quintuple and multiple stars,” where reasons follows: 


all cases where stars are supposed move round empty center, 
equal periodical time, may proved that imaginary attractive force may 
supposed lodged that center, which increases direct ratio 
the distances. For since, different circles, the law centripetal forces, 
the squares the periodical times are the radii divided the central 
attractive forces, follows, that when these periodical times are equal, the 
forces will the radii. Hence conclude, that any system bodies, 
where the attractive forces all the rest upon any one them, when reduced 
direction coming from the empty center, can shown 
direct ratio the distance that body from the center, the system may 
revolve together without perturbation, and remain permanently connected 
without central body.” 


This reasoning best understood means simple formule: 
Let and two centrifugal forces, which revolving systems 
are always equal the centripetal forces, and and the cor- 
responding velocities the bodies, and and the radii the 
circles which they are supposed revolve. Then, the ele- 
mentary principles mechanics, have 


1 1 u 
This gives 
— f t, => f (41) 
1 “2 


Now orbital revolution the centripetal and centrifugal motions 
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are always exactly equal, and hence have 


whence 


concluded Herschel the Philosophical Transactions, for 
1802, 487. 

establish clearly such actual cases motion, with the attract- 
ive force the direct ratio the distance from the empty center, 
where says the system may revolve together without perturba- 
tion, and remain permanently convected without central body, 
Herschel proceeds deal first with two equal double stars re- 
volving circles about the common center gravity the sys- 
tem. next generalizes the procedure taking two unequal 
masses, then treats also the cases motion elliptic orbits, and 
finally considers certain types triple and multiple stars, which 
similar reasoning will apply. This paper Herschel quite re- 
markable, and deserving more attention than has received. 


VIII. THEOREM THE REVOLUTIONS STARS CLUSTERS. 


now obvious that the clusters which have attained definite 
law density depending wholly the radius will conform 
Theorem motion about empty centers, which also 
the law for the central motion particles rotating solid. 
imagine heterogeneous sphere made concentric homo- 
geneous layers, but with the density the layers increasing towards 
the center, and take the radii the layers r,, and 
the ith layer then the attraction points these several 


Thus the constant will vary from layer layer heterogeneous 
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sphere made concentric homogeneous shells, but the attraction 
every point, including the external surface, proportional the 
radius the shell question. 

Now just sphere, either homogeneous made con- 
centric layers uniform density, attracts all internal points, in- 
cluding those the external surface, with force proportional 
the radius the shell which situated; also will cluster 
which condensed towards the center according any law 
density depending wholly the radius, attract all internal points, 
including those the external surface, according the same law 
direct proportionality the distance from the center. 

When the attractive force varies directly the distance from the 
center, the particle attracted describes ellipse was first 
proved Newton the (Lib. 1., Prop. X., Prob. V.). 
This case attraction depending directly the first power the 
distance also discussed the analytical method Vol. II. 
1910, pp. 25-27, where shown that the time 
revolution quite independent the dimensions the ellipse, but 
depends wholly the intensity the central force. 

For motion plane the the particle are shown 
defined the equations: 

the values the codrdinates are the same the time and 


the square root where the mass, and exerts the corre- 
sponding unit force unit distance. 

cluster with stars arranged according law density 
depending wholly the radius, the value the force will 
depend wholly the radius also, shown equation (34). And 
thus the time revolution will independent the dimensions 
the ellipse. Assuming that there but little relative displacement 
the bodies the clusters, star situated, therefore, outer 
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shell will revolve about the common center gravity exactly 
the same time one situated near the center; for the remoter stars 
revolve under greater attractive force, while the nearer ones 
revolve under feebler forces, and all would therefore have com- 
mon period. The movement the end the period would restore 
the cluster its original state, the individual bodies being exactly 
where they started from the initial epoch. This one the 
most remarkable results the dynamics system 
arranged concentric shells uniform density, depending wholly 
the radius, our typical globular clusters, which are made 
stars equal brightness and apparently equal mass. 

therefore the cluster were once established with such rela- 
tions among the stars that their orbits not intersect, and the 
sphere powerful attraction for each star small compared 
the spaces between the neighboring stars, the wonderful system thus 
arranged might oscillate stability for millions ages. These 
conditions evidently are quite fully realized the globular clusters, 
will more clearly appear from the following considerations 
their mode formation. 


IX. SYMMETRICAL GROWTH CLUSTER DUE PROCESS 
INTERNAL COMPENSATION. 


line argument based the principle continuity, similar 
that used Herschel the Phil. Trans., 1811, 284, that the 
nebulz are formed the gathering together dust expelled from 
the stars under the action repulsive forces. this dust gathers 
symmetrical figure, takes long time for the new system acquire 
arrangement which the density increases from the surface 
the center. the course ages, however, the central mass in- 
creases the central group masses accumulate, accretion 
dust the individual bodies, the capture and redistribution 
interpenetrating bodies. The result, the one hand, that all 
orbits will decreased size and the system will contract its di- 
and, the other hand, this waste matter will tend ac- 
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cumulate regions stability, and there build the smaller into 
larger bodies. Thus the individual stars being supplied from such 
varied sources the cluster will necessarily acquire increasing sym- 
metry, and orderly arrangement, like those actually observed. 

This natural tendency order and stability will greatly aug- 
mented mutual compensation among the stars the cluster. 
the stars are both gaining and losing matter incessantly, under the 
mutual interaction attractive and repulsive forces, evident 
that those which gain too rapidly, will also begin once lose 
abnormal rate, owing the augmented action the repulsive 
and the dust expelled from them will directly indirectly 
very largely the other members the cluster, and thus operate 
restore the equilibrium the whole group. Moreover, any 
serious collision occurs, which one star acquires predominant size, 
will the same time acquire such abnormal energy radiation, 
that the balance power will tend become gradually restored 
under the action the repulsive forces work. 

From these known causes one would expect cluster therefore 
mutually compensating system, producing and building 
new bodies vacant regions, where the conditions are stable, and 
redistributing undue accumulations mass the natural balance 
established between attractive and repulsive forces, all the stars 
gain matter from surrounding space and again expel after cer- 
tain repulsive vigor has been attained. The eventual accumulation 
many stars comparatively small space largely operates 
retain the dust expelled from them that region; thus goes 
other members the group, rather than the rest the remote 
stars the universe, that the course vast time—millions 
ages Herschel’s expressive phrase—the cluster accumulates 
such grandeur and order see such noble globular clusters 
that Hercules, Toucani, and Omega Centauri. 

worthy note that this simple theory, based known and 
established laws, explains not only the origin and growth these 
wonderful masses stars, under conditions stability but also the 
nearly perfect equality the individual stars which has always been 
bewildering astronomers. 
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How ENTERING CLUSTER HAS ITS OSCILLATIONS 
DAMPED AND FINALLY CAPTURED. 


recall the familiar equations for oscillation, treated 
works physics, 


where the original amplitude the harmonic oscillation, that 
being the period see that the time increases the ordinate will 
decrease, though the period remains constant. The equation 
(45) thus represents damped vibration, such constantly arises 
where resistance encountered vibratory motion. Under these 
circumstances the harmonic curve rapidly loses amplitude and 
the form: 


Fic. Illustrating damped vibrations. 


The process damping here brought light for oscillating 
particles describing simple harmonic motion has its analogies the 
movements stars cluster; for here too the period the 
movement, have seen VIIL., essentially constant, but the 
amplitude the oscillation reduced till becomes adapted 
that the rest the system. This part the capture process, 
because tends reduce all the abnormal movements one dead 
level. 

Let now examine the dynamical process which stars tend 
become entrapped the central region cluster. con- 
sider the potential spherical shell stars obeying any law 
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density, and having thickness R-r, evident from equation (7) 


that 


and the forces along the axes will 


Now every globular cluster may regarded made series 
such shells; that the total forces become 


i=i i=i R 


i=l i=l 
i=l 


These expressions are complex, that are obliged re- 
strict our consideration the action single shell. Accordingly, 
shall suppose the single shell filled with stars considerable 
density, and the distribution uniform. external star coming 
from the distance, otherwise undisturbed, will revolve Kep- 
lerian ellipse having its focus the center the shell. The mass 
acting collected the center where the thickness 
R-r not too large; and the velocity acquired the outer border 


the shell 


where the semi-axis major the Keplerian ellipse. 


| 
| 
| 
id 
ig 
| 
| 
\ 
res 
- 
| 
4 
| 
3 
4 
‘ 


1912.] THE CLUSTERS. 145 


soon part the shell thickness has been traversed, 
however, the stars included the space will cease exert at- 
traction the moving star; and the further enters the shell the 
less central attraction will exerted from the original focus. 
the star quits the shell and enters the hollow space within there 
will central attraction cause describe Keplerian 
ellipse. Thus the radius vector decreases from the path 
ceases the arc ellipse, and becomes straight line. The 
body thus moves uniformly across the hollow the shell, and 
enters again the opposite side, with the same velocity had 
quitting the shell. The central attraction the shell begins 
ersed, for the space has mass 
and attracts collected the center 
the shell. This force grows till the star emerges 
from the shell the outside, when equal 
that operating the moment the star first 
entered the shell. Consequently will depart 
from the shell Keplerian ellipse exactly 
similar that which first came in; and 
the total external orbit will consist two ex- 
actly similar and similarly situated parts 
ellipses, joined straight lines the hollow 
the shell, and within each layer the shell 
gradually passing from the arc ellipse 
straight line. This path illustrated 


the accompanying figure. 


The orbit here described supposes that Fic. 
the capture os- 


cillating star the 
the average effect such perturbations uniformly filled 


will occur. These may best understood stars 
analogy with the average effect Jupiter cluster. 
comets crossing his orbit. will known that many comets orig- 


local perturbations have occurred during 
the complete revolution. Let now consider 


inally traveling orbits almost parabolic have been thrown within 
Jupiter’s orbit, till quite large family has been acquired with short 
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periods, and aphelia near Jupiter’s and those which still over- 
lap his orbit are being gradually worked into the more stable region 
within the orbit that giant planet. the same way the asteroids 


have been thrown within Jupiter’s orbit, Newton justly 
remarked 1894 (cf. Researches,” Vol. 1910, 699), 
process which Professor Brown has more fully investi- 
gated the Monthly Notices for March, 1911. Professor 
researches and those Callandreau and Tisserand 
the capture comets are well known, and need not described 
here. 

Now for Jupiter substitute the action the shell the 
cluster, may thought that Jupiter very large mass, while 
the comets are very small; whereas the stars the shell the 
clusters are not supposed much larger than the star 
falling in. This very true, but the shell contains many stars 
mutual adjustment average state stability, the oscillating 


star the course ages will disturbed the many stars, and 
the cumulative effects will added together, just the actions 
comets are the massive planet Jupiter. The mass the shell 
greatly exceeds that the single oscillating star, and even some 
the individual stars the shell are considerably disturbed, yet the 
disturbance successive revolutions will not effect the same stars, 
owing movements within the shell the cluster; and thus 


the long run the only possible effect the action the many 
upon the one visiting star will dampen its energy oscillation, 
till too will have its path reduced and take its place the shell 
with the original group. Thus the visitor from without entrapped 


and its movements dragged down the dead level the rest the 
stars the shell. 
This general explanation the capture process established 


the more rigorous method integration depending Green’s 
theorem, when some the terms become infinite. seemed desir- 
able examine the matter from both points view. 
sure this transformation may take many millions years, 
but the average effect the action the shell the long run 
certain. the stars the shell are comparatively quiescent, the 
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only possible average effect their action the visitor will 
exert drag its motion. Some the quiescent stars may 
slightly disturbed the passing body, but the effect one appulse 
likely comparatively small, the stars the shell will readjust 
the relations among themselves easily, while the visitor will suffer 
considerable retardation its oscillation. And after many appulses 
the visitor will have its motion restricted the shell like the motion 
the multitude stars composing it. 

This explains simple manner the capture process which 
clusters are built up, and given such accumulation density towards 
their centers. For the clusters are made series shells, and 
the effect one shell this type, the effect all the shells 
will integration these damping effects. wonder 
therefore that all the clusters show such pronounced accumulation 
density towards their centers. the inevitable outcome this 
capturing foreign bodies the course immeasurable time. 

section III. have admitted the possibility that defects 
our photographs will account for the central density clusters ex- 
ceeding that the atoms globe monatomic gas convective 
equilibrium but view this capture process, seems much more 
likely that the stars are accumulating these centers beyond the 
normal density for mass monatomic gas. Thus have the clus- 
ters been built such extraordinary accumulation that they justly 
excited the wonder Sir William Herschel. 


XI. CLUSTERS CAN EXPLAINED ONLY THE 
CAPTURE THEORY. 


The figures the clusters, and other sidereal systems 
impressed Herschel with the view that there clustering power 
nature, everywhere gathering the stars into globular swarms, and 
moulding the nebulosity into figures greater and greater sym- 
metry (Phil. Trans., 1789, pp. This the earliest outline 
the modern capture theory applied clusters and 
symmetrical figure. evident that this process gives good ex- 
planation the origin the clusters, and that they can explained 
other way. 
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obvious that masses such vast extent and perfectly round 
figure and symmetrical arrangement internal density, could not 
possibly have arisen any the theories collision formerly 
held but now abandoned. For collisions could not disperse the stars 
such great distances over spaces measured many thousands 
light years, nor could they give rise the observed symmetrical 
arrangement the parts. Moreover, clusters embracing thousands 
stars, due collision, would imply two equally immense masses 
collision; and there would few these large masses the 
universe, that inconceivable that they would ever come into col- 
lision. whole collision doctrine manifestly inconsistent with 
the symmetry and order found the clusters, which can therefore 
explained only the capture theory, based the expulsion 
dust from the stars, and its collection from all directions into masses 
impressive symmetry. 

This theory not only gives perfectly satisfactory account the 
phenomena the clusters, which are wonderful the extreme, and 
show steady and uniform processes working slowly over immeasur- 
able but also establishes the theory itself the way the most 
intricate and diverse phenomena are woven into continuous whole. 

The first rule philosophy laid down Newton the Prin- 
that: are admit more causes natural things 
than such are both true and sufficient explain their appearances.” 
explains this adding that philosophers say nature does noth- 
ing vain, and more vain when less will serve.” The next rule 
that are ascribe the same natural effects the same causes. 

therefore the capture theory alone will explain the clusters, 
where the scale the operations immense, and the symmetry 
perfect that other causes are easily excluded and the other hand 
will equally account for all other known phenomena the sidereal 
universe, follows from Newton’s rules for philosophizing that this 
cause alone can regarded established. The definite proof 
the capture theory for the formation clusters and nebulz thus 
renders its operation general throughout the sidereal universe. 
Everywhere the large masses drift towards the most powerful neigh- 
boring center attraction, while fine dust expelled from the stars 
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produce the vacant regions the heavens; and this 
concentration the large masses under gravity, and the redistri- 
bution the fine dust the action repulsive forces the great 
law nature which preserves the order the starry heavens. 


XII. INTERACTION ATTRACTIVE AND REPULSIVE 
Forces CONFIRMED DELICATE CRITERION BASED 
THE Exact THOUSANDS ASSOCIATED 
STARS CLUSTER. 


Elementary considerations the principles probability will 
show that the chances even two associated stars being equal 
brightness slight; still smaller for three, four and higher 
multiples, and when the number becomes large the probability the 
chance association such equal stars totally disappears. Accord- 
ingly, not accident that thousands stars observed 
cluster, with perfectly symmetrical accumulation towards the center 
the associated stars, all known nearly the same distance 
from us, are exactly equal every respect the finest coins 
turned out mint. There must nature reliable process 
for the manufacture these nearly equal stars, which described 
above for the first time. 

prove this more conclusively may compare clusters with 
double and multiple stars, which are systems lower order. 
binaries the components often are very unequal brightness, and 
also mass. The same principle, well known, holds for triple 
and quadruple stars. Now these double and multiple star systems 
the ratio the mass the components depends the chance 
division the original nebulosity gathered from the heavens, not 
from the associated stars themselves but the clusters the principle 
redistribution becomes largely predominant, owing the great 
number radiating centers close association. not surpris- 
ing, therefore, that the lower orders stellar systems should in- 
clude: first, single stars, with planetary systems, amounting about 
four fifths all the stars; second, binary stars, with unequal com- 
ponents; third, multiple stars, also with components very unequal. 
This inequality the associated stars expected all sidereal 
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systems made small number bodies, but the visual double 
stars, the brighter and more easily recognized systems, appear 
have components more nearly equal than the much greater number 
systems,* which remain invisible the distance the fixed stars. 

The association thousands equal stars cluster must 
therefore depend something besides chance distribution, par- 
tition the primordial nebulosity. For although the clusters are 
very far away, and the double stars cluster would thus appear 
single from the perspective effect distance alone, yet the distance 
would not prevent fainter single stars from appearing the back- 
ground the cluster they were present. Perrine points out 
Lick Observatory Bulletin No. 155 that cluster there rarely 
difference more than two magnitudes among the stars com- 
posing it. This difference probably depends difference the 
spectral types, rather than difference mass. The conclusion 
that the great equality luster depends the essential equality 
the redistribution dust within the system therefore seems unavoid- 
able, necessary result known laws nature actually proved 
operation. therefore this argument regarding the origin 
clusters, based the equality the stars, admissible, the 
explanation may confidently depended the law gravi- 
tation itself. For the testimony the sidereal universe its truth 
seems absolutely overwhelming. There are all over one 
hundred globular clusters, and they include millions stars; that 
the observed order nature obviously rests fundamental cause. 

Accordingly, admit the truth this theory clusters, 
which now seems well established, through the evidence pre- 
sented hundreds globular clusters, and the analogous evi- 
dence offered thousands nebulz, have the same time 
equally satisfactory proof the universality the operation 
repulsive forces nature. With his usual penetration Herschel saw 
the accumulation density and brightness towards the centers 
these masses incontestible proof the existence clustering 
power operating throughout the sidereal universe. 

Now exactly reversing his argument have equally valid 
proof the operation repulsive forces, give the original distri- 


planetary systems. 


| 
ites 
| 
OE 
Py. 
| 
| 
| 
| 
| 
| 
| 
| 
Al 
| 
| 
| 
| 
| 


1912.] THE GLOBULAR CLUSTERS. 151 


bution dust, out which the clusters and are finally built. 
Moreover, already remarked, this general argument, drawn from 
the sidereal universe whole, minutely verified the construc- 
tion clusters, the exact equality thousands closely asso- 
ciated stars, which thus supply criterion unrivaled rigor. This 
cluster criterion authorizes the conclusion that the theory may now 
removed from the category speculation and entered the list 
established facts relating the physical universe. The most 
obvious indications nature are plain enough; and interpreting 
them all need follow the theory probability, which, 
Laplace has remarked, nothing but common sense reduced 
calculation. This theory tells that there deep underlying 
cause for the perfect equality the associated stars clusters, 
which can nothing else than the mutual interaction attractive 
and repulsive forces these island universes. 


DIMENSIONS THE CLUSTERS AND THE AVERAGE 
DISTANCES THE STARS APART. 


The question the distances the clusters one which 
present cannot fully answered, owing the lack certain obser- 
vational data; but well known that nearly all these masses 
stars are very remote. sure such outspread swarm 
Coma Berenices, really cluster near not suspected 
belonging the same type the better defined Pleiades, Praesepe 
and Omega Centauri. But leaving out account few exceptions 
this class may say that the globular clusters general, like 
the nebulz considered Dr. Max Wolf N., 4549, are thou- 
sands light-years diameter. This proved the comparative 
faintness the component stars, and the large angular magnitude 
the clusters seen the sky. 

Accordingly, even when there are thousands stars very 
compressed cluster, they are not really close together, but separated 
great intervals, the order light-year. Thus the components 
dense cluster probably are somewhat closer together than our 
sun Alpha Centauri; and yet the intervals can hardly less 
than ten thousand fold radius the earth’s orbit, the light-year 
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being 63,275 times that distance. fact the average distances are 
likely several light-years, and thus the order 100,000 radii 
the earth’s orbit. 

This great distance the stars apart, even the densest cluster, 
will enable realize the well-known fact that our sun 
solar cluster, which includes Sirius, the stars Ursa Major, and 
many other bright objects. also enables appreciate why the 
motion the clusters necessarily slow, owing the great inter- 
vening spaces and the feebleness the disturbing forces acting 
the individual stars. And the same time easily see why such 
system, under the mutual gravitation its parts, might survive 
for infinite ages, without sensible decay its order stability. 
Newcomb therefore was right when remarked that there might 
planets revolving about the stars cluster (article 
Encyclopedia Americana for ourselves live planet attached 
star the solar cluster, and the other clusters the sidereal 
universe are not very different from that including our sun. 

Sir William Herschel was the opinion (Phil. Trans., 
225) that the clusters which are most compressed are drawing 
towards period dissolution. earlier paper 1785 Her- 
schel suggested that the clusters are the laboratories the universe 
where the most salutary remedies for the decay the whole are 
prepared (Phil. Trans., 1785, 217). 

Researches,” Vol. 1910, have independently pointed 
out that the condensation very compressed clusters into one mass 
the only logical explanation such immense stars Canopus and 
Arcturus. For appears that with the advance age the state 
compression slowly increases, and when has become extreme, and 
all the single bodies are drawn very near the center, quite likely 
that the cluster conflagration may become the furnace /abo- 
ratory the universe for repairing through repulsive forces the 
ravages wrought universal gravitation the course millions 
ages. 

this true someone may ask why not find some cluster 
the stage conflagration? But recall that only little 
over one hundred globular clusters are known, with their internal 
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spaces still large, and remember also the vast interval time re- 
quired produce the invisible state close compression, will 
become evident that the chances our living the epoch 
cluster conflagration totally disappears, and the most can hope 
recognize the resulting giant star such Canopus. 


XIV. Proor THAT MATTER ACTUALLY LOST FROM OUR SUN 
SUPPLIED THE VERY STRAIGHT TAILS COMETS DEVEL- 
OPED CLOSE PERIHELION PASSAGE. 


view the recent development the doctrine repulsive 
forces nature, becomes important have readily hand specific 
illustrations these forces adequate meet any demand that may 
made the new doctrine. Now the tails comets and the 
streamers the corona, explained Arrhenius Lick Observa- 
tory Bulletin 58, give abundant evidence the operation repulsive 
forces directed from the sun; but every case does not show repul- 
sion sufficiently strong carry the particles away from our solar 
system parabolic hyperbolic paths. The question thus arises: 
Are there any known cases repulsion sufficiently powerful carry 
particles away from our sun the other stars, and thus cause 
secular decrease the sun’s mass? may answer this question 
the affirmative, for the following reasons: 

Those comets which have had very small perihelion distance, 
the great comets 1680, 1843 and 1882, have all had also very 
straight tails, which were found calculation immense 
length near perihelion passage. well known that this extreme 
straightness tail indicates very powerful repulsion the particles 
composing it. 

actual calculation have established the fact that the veloc- 
ity the particles the tails the above comets, perihelion, 
exceeded the parabolic velocity body driven away from the sun. 
The matter these tails therefore was not only diffused over the 
solar system, but also carried away other fixed stars. 

Now this repulsion with more than parabolic velocity could 
happen for vaporous matter developing comet’s tail near peri- 
helion, but remaining sufficient density and luminosity visible 
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the eye against the background the sky, because condensed 


into beam, the same thing obviously could develop also for par- 
ticles the solar corona itself, even they not sufficiently con- 
centrated present night the aspect ray extending from the 
sun. fact such rays charged matter are proved emanate 
from the sun Maunder’s researches the sun spots and magnetic 
disturbances noted Greenwich, and published the Monthly No- 
tices the Royal Astronomical Society for 1905. 

The emission charged particles from the sun being thus 
clearly proved, the only question remaining open discussion 
whether any the matter thus driven away from the sun goes away 
the other fixed stars. But calculations show this occur 
for the particles the tails comets which graze the sun’s 
perihelion—the only case which the beams can distinctly seen 
and the velocity the particles determined from the lack curva- 
ture the tails—it must, similarity causes and effects, held 
occur also for some the particles the corona, even though 
they invisible, owing the diffuseness the streamers. 

The sun therefore losing matter incessantly well gain- 
ing it, the form meteorites from celestial space. And 
Researches,” Vol. 1910, have shown that the secular accelera- 
tion the earth’s motion indicates that present the gain exceeds 
the loss; but the sun was hotter past ages, the reverse tendency 
formerly may have been work. 

Thus appears demonstrated, observed phenomena 
our planetary system, that the sun both gaining and losing 
matter, but that present the rate gain exceeds that loss, 
that there secular acceleration the planets such excessively 
minute character that long escaped detection. other fixed stars, 
probable that various combinations gain and loss are work; 
and may sure that the masses the stars are not strictly con- 
stant over long ages, however approximately even balance gain 
and loss may hold for shorter intervals time. 

The view held Newton and adopted Lagrange and Laplace 
that the sun’s mass may considered constant, only approxi- 
mately true, and cannot properly applied the secular equations 
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for the motions the and what has been found true our 
sun, respects growth mass, from the records ancient 
eclipses, will naturally adopted for other solar stars, while secu- 
lar decrease mass may assumed for some the Sirian stars, 
owing the intensity their radiation. 


XV. CLUSTERS AND CONDENSED 
TOWARDS THE CENTER, ILLUSTRATED THE VERY 
ELONGATED ELLIPTIC ORBITS OUR SYSTEM 


seek inquire how clusters and much condensed 
towards the center are built the process capture, shall 
find the general mathematical treatment Green’s theorem already 
given very satisfactory, for large bodies the type stars. 
equally convincing mathematically applied small bodies the 
type comets, but perhaps well notice how the comets de- 
scending our sun very elongated ellipses have served supply 
material for building the planets and sun. This remarkable 
system comets, with elliptic orbits equally diffused all directions 
about our sun, sure sign that the nebulosity now condensed into 
our comets came originally from the fixed stars. 

But the one hand, this equality distribution the 
aphelia every direction points the original entrance the mate- 
rial into our nebula from without, the other equally remarkable prop- 
erty high eccentricity, the other, points similar conclusion. 
the same time this coming matter from distance makes 
possible the growth the planets near the center the system, 
because near perihelion the comets often pass close the planets 
have their orbits transformed, and their masses disintegrated 
and their dust absorbed the planets. moving against the 
resistance due comets, and meteor swarms that the planetary 
orbits have been rendered perfectly circular that the Greeks be- 
lieved that the Deity had chosen the circle for the paths the 
planets, because the circle was held the ancient geometers 
perfect figure. 

Now what takes place about our sun, the solar cluster, may 
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also take place, other star clusters the Milky Way. There are 
every region systems bodies corresponding our comets; and 
they travel very elongated ellipses, they tend build the 
bodies near the centers about which they revolve. this way there 
must countless infinities comets working towards the centers 
the globular clusters; and thus they build the equality the 
stars these regions, while the same time the increase mass 
and the resistance orbital motion thus arising tend round 
the cluster and give increasing density towards the center. 

Thus the analogy the comets revolving very elongated orbits 
and being destroyed build the planets and the sun, will also hold 
the building cluster. Not only may mature stars cap- 
tured and adjusted the average oscillation within cluster, but 
also myriads millions comets; and this way largely that 
the cluster augments mass and density towards the center. This 
growth central power turn augments the condensation observed 
the clusters, and tends still further produce secular decrease 
volume; just the planets are drawn nearer the sun the 
increase the sun’s mass. The shrinkage the volume cluster 
thus analogous the diminution the dimensions the primi- 
tive orbits the planets. And just the planets time will fall 
into the sun, also will the stars cluster eventually combine 
into one great central star and thus produce Arcturus 
Canopus. 

The study the system comets about the sun, and the way 
the planets have been built near the center the solar nebula, 
thus gives much light the central accumulations noted 
globular clusters. The smaller masses drawn from without tend 
augment the central bodies the system; and this growth mass 
turn produces further condensation the original group, 
whether planetary system, globular cluster the highest 
order glory and magnificence. 


| 
| 
| 
| 
{ 
| 
| 
ng | 
| 
q 
| 
| 
| 
YE, 
| 


1912.] THE GLOBULAR CLUSTERS. 157 


XVI. WHICH SET THE AND MUL- 
TIPPLE STARS REVOLVING THEIR 
ORIGIN THE 


have stellar system made several components, 
may designate the masses the individual stars 
M,. shall first consider binary star with masses and 
Then the moment momentum the components about the com- 
mon center gravity the system will 


where the eccentricity the orbit, and the radius vector, and 
the mean angular velocity the orbit (cf. inaugural dissertation, 
Die Entwickelung der Doppel-Stern Systeme,” Berlin, 1892, 16). 

When the other elements are unchanged, find that the moment 
momentum the binary system decreases with the increase the 
eccentricity. case circular orbit, vanishes, and con- 
stant. the general equation the planetary theory the unit 
time may chosen that the constant attraction (cf. Gauss, 
Motus,” Lib. I., becomes 


and may therefore put for and for and the second mem- 
ber (50) becomes 
(52) 
the radical involving unity circular orbits. 

From this equation (52) appears that with constant mass the 
moment momentum system double stars depends the 
square root the mean radius vector, and therefore increases rap- 
idly with the distance. 
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Other conditions being equal, the maximum moment momen- 
tum would therefore attained the separation two stars 
great distance, yet pair such passing stars would have have 
peculiar directions and velocities enable them under mutual gravi- 
tation form system. the motions two stars were directed 
towards the same point space, and with velocities which would 
enable one overtake the other, before after the point was 
reached, one might revolve about the and with proper relative 
velocity—to gotten either altering the directions motion, 
adjusting the velocities the converging lines motion—the 
two stars might form binary system. 

This dynamical condition formation difficult realize 
practice that may sure that quite rare nature; and that 
the vast majority double stars have developed from nebulz, 
the appropriate division the elements between two leading centers 
condensation. But now recognized that the them- 
selves have developed from dust expelled from the fixed stars and 
were originally vast extent; and hence even the bodies into 
which they condense gradually approach the center gravity the 
system, the stars increase mass and revolve against the nebular 
resisting medium and their orbits grow smaller and smaller and 
rounder and rounder, will yet follow that many double stars have 
components far apart that their systems have large moments 
momentum orbital motion. 

The difficulty explaining the large orbital moments momen- 
tum double stars first arose completing certain calculations for 
inaugural dissertation the University Berlin just twenty 
years ago. that time saw that wide separation the compo- 
nents system gave large moment momentum, and that 
order account for the orbital moment momentum the hypoth- 
esis tidal friction first developed Sir George Darwin and after- 
wards extended binary systems, was necessary endow 
the stars with very rapid axial rotation. Otherwise the mean dis- 
tance the components would not greatly increased the ex- 
haustion the moments momentum axial rotation under the 
secular action tidal friction. 
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this early stage the study the problems cosmogony, 
naturally had not exhausted the other possible modes formation, 
though had largely excluded the capture single stars chance 
approach due difference proper motion. The further study 
this problem has occupied part the past twenty years, but 
has now led the establishment great law nature, one may 
feel that the labor has not been vain. 

From the above reasoning will found: 

That the globes the stars binary expanded till 
hydrostatic connection established between the components, the 
fluid will thereby become rare that hydrostatic pressure could 
exerted throw off companion rotation. 

rotation rapid enough produce such separation could 
not accounted for natural causes. 

Hence clear that the premise implying separation 
rotation false; and the true mode formation diametrically 
opposite what was long believed. Instead being thrown off 
rapid rotation, the attendant bodies have all been formed the dis- 
tance, and added from without, that they have neared the 
centers about which they now revolve. This uniform law greatly 
simplifies all our conceptions cosmical evolution. 

illustrate the relative significance the moments momen- 
tum the axial rotations compared the moment momentum 
orbital motion, suffices cite the case considered inau- 
gural dissertation 1892, pp. this case each the two 
equal stars imagined expanded nebula has three times the mass 
the sun; and the axial rotations are such give oblateness 
units. the special units there adopted, turns out that the mo- 
ments momentum the axial rotations have the numerical values 
0.394, 0.788 for the two stars; and the moment momentum 
orbital motion becomes 2.378. 

Thus with the two stars far apart 30, impossible 
keep the figures equilibrium stable and yet give them rotations 
rapid enough render the moments momentum axial rota- 

tion large compared that the orbital motion. Nevertheless, 
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double star orbit with mean distance must considered small 
compared many orbits which exist the heavens. For there are 
physically connected stars which show very little motion cen- 
tury, and others which remain quite fixed, may clearly estab- 
lished comparing modern measures with those Herschel and 
Struve. 

The conclusion from this calculation that the observed mean 
distance wide double stars has not been developed the transfer 
moment momentum axial rotation moment momentum 
orbital motion. such transfer moment momentum the 
orbit may indeed expanded, but not many times its original 
size. this tidal frictional theory the larger orbits double stars 
could not explained satisfactorily. The difficulty encountered 
some twenty years was therefore first overcome developing the 
second volume along the lines thought result- 
ing from the extension Babinet’s criterion 1908. 

Looking the problem the light recent progress evident 
that the large and highly eccentric orbits double stars undoubt- 
edly point capture; that is, the formation separate nuclei 
great distance, and the revolution the two stars narrowing 
orbits about the center gravity the system. this process 
revolution the original nebula should continue long enough, the 
size and eccentricity the orbit would much reduced; and 
should thus obtain systems the type commonly observed 
comparatively rapid revolution. There thus established real 
connection between the revolving visual double stars and the much 
larger number physical systems which have remained nearly not 
quite fixed since the epoch Herschel and Struve. 

This inference also sustained recent progress double star 
astronomy, which shows that the longer the period the higher the 
eccentricity, and the same tendency holds for the rapid spectroscopic 
binaries, pointed out 1907 (Monthly Notices, Roy. Astron. 
Soc., Nov., 1907). This unbroken continuity among all the classes 
double stars shows that the cause everywhere the same. 
therefore the wider visual double stars have formed from separate 
nuclei, the condensing nebulz, the explanation becomes valid also 
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for the spectroscopic and the law formation the same 
for all the double stars for the planets the solar system, where 
Babinet’s criterion absolutely decisive against the detachment 
theory generally held since the days Laplace, but now universally 
abandoned. 


SUMMARY AND CONCLUSIONS. 


Without attempting this closing summary recapitulate the 
contents this memoir detail, may yet well draw attention 
some the most significant conclusions which have arrived. 

intimated the first section this paper the problem 
n-bodies, under ideal dynamical conditions, remains forever beyond 
the power the most general methods but the dynamical 
theory clusters gives the one secular solution this problem 
found under actual conditions nature. For when the order 
1,000, give rise cluster, the clustering power observed 
Herschel operates exhaust the mutual potential energy the 
system, and bring about increasing accumulation the center, 
that the cluster finally unites into single mass enormous magni- 
tude. Probably the giant stars the type Canopus and Arcturus 
have arisen this way. 


And since attendant bodies every class—as satellites, planets, 
comets, double and multiple stars—tend everywhere approach the 
centers about which they revolve, inevitable effect the growth 
the central masses and the action the resisting medium over 
long ages, follows that the secular solution the problem clus- 
ters more less valid for all cosmical systems. They finally end 
the absorption the attendant bodies the central masses which 
now govern their motions. 

The dynamical theory globular clusters shows that the clus- 
tering power inferred Herschel nothing else than the action 
universal gravitation and that operates all sidereal systems, but 
does not produce the cumulative effect which Herschel ascribed 
the ravages time inside millions ages. 

The globular clusters are formed the gathering together 
stars and elements nebulosity from all directions space; and 
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this points the expulsion dust from the stars the Milky Way, 
and its collection about the region the formation such manner 
give essential symmetry the final arrangement the cluster, 
which doubtless has some motion rotation, and originally tend- 
ency spiral movement. 

The stars and smaller masses are captured the mutual action 
the other members the cluster, and worked down towards the 
center the mass. This gives central density excess that 
appropriate sphere monatomic gas convective equilibrium 
(A. N., 4053, and N., 4104). 

The density the clusters greater the outer border than 
globe monatomic gas, which shows that stars are still collect- 
ing from the surrounding regions space. The starless aspect 
the remoter regions about clusters effect the ravages time, 
correctly inferred Herschel the course his penetrating 
sweeps the starry heavens. 

And just clusters under the mutual gravitation the com- 
ponent stars contract their dimensions, with time, chiefly owing 
the growth the central masses, also other systems, whether 
the mass-distribution single, giving system made sun 
and planets, double, triple and multiple, giving binary, triple 
multiple stars, sidereal systems still higher order. The tend- 
ency everywhere from wider narrower distribution the 
large bodies; while the only throwing off that ever occurs par- 
ticles driven away from the stars the action repulsive forces. 

The orbits the stellar and planetary systems are decreased 
the growth the central masses and rounded the action 
the nebular resisting medium. And like manner all clusters 
tend assume spherical globular figures, justify the ex- 
pression Plato, that the Deity always geometrizes; Newton’s 
remark that the agency operating the construction the solar 


system was very well skilled mechanics and geometry.” 

Newton required the intervention the Deity give the 
planets revolving motion their orbits, because the absence 
repulsive forces could not account for the dispersion the matter, 


produce the tangential motions actually observed. means 
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the theory repulsive forces, however, now possible 
explain these projectile motions, which Herschel likewise pointed 
the chief agency for the preservation sidereal systems. The 
only assumption necessary unsymmetrical figure the primor- 
dial nebula, giving whirling motion about the center the system 
develops and since the dust gathers from all directions certain 
that this lack perfect symmetry will nearly always develop, 
see also the spiral 

10. this unsymmetrical form the spiral nebule produced 
the gathering the dust from the stars, the slight relative 
tangential motion stars formed separately but finally made 
revolve together binary system, that gives the binary stars the 
projectile forces, with which they are set revolving their orbits. 
case have they resulted from the rupture rotating mass 
fluid under conditions hydrostatic pressure formerly believed 
Darwin, Poincaré and See. 

11. Even the rotation could become rapid enough produce 
separation, under conditions hydrostatic pressure, rupture 
figure equilibrium, there would still the equal greater 
difficulty explaining the origin the primitive rapid rotation. 
This last difficulty escaped notice till came assign the cause 
rotations, and found that mechanical throwing off was impossible 
under actual conditions nature. therefore recognized, from 
the definite proof furnished Babinet’s criterion the solar sys- 
tem, that such thing throwing off never takes place; but that 
all planetary and stellar bodies are formed the distance, and after- 
wards near the centers about which they subsequently revolve. 

12. This gives fundamental law the firmament—the 
planets being added the sun, the satellites added their 
planets, the moon added the earth, and the companions added 
the double and multiple now found beau- 
tifully confirmed the dynamical theory the globular clusters. 
not often that such great law nature can brought light, 
and worthy the more consideration from the circumstance 
that explains all classes stellar systems single general 
principle. 
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13. sidereal systems lower order are conserved projec- 
tile forces, probable that the clusters likewise have spiral 
motion rotation, with similar projectile forces tending counter- 
act simple progressive collapse. The period the orbital revolution 
the stars cluster found common all, without regard 
the dimensions the elliptical orbits described, and thus the 
whole system may have common period oscillation, after which 
the initial condition perfectly restored. This possibility the 
dynamics cluster exceedingly wonderful, and results from the 
central attraction depending directly the distance. 

14. The equality brightness star clusters shows that some 
process compensation between the attractive and repulsive forces 
has produced stars wonderful uniformity luster. Thus the 
present investigation confirms the previous researches the evolu- 
tion the stellar systems, whieh have laid the foundations for new 
science the starry heavens. 

15. Accordingly the capture theory cosmical evolution being 
now firmly established for the clusters, where the nature the 
process entirely clear, becomes once guide dealing 
with systems lower order; and see that the law nature 

iniform and everywhere the same, the large bodies working 
towards the centers attraction, while the only throwing off that 
ever takes place small particles driven out the stars the 
action repulsive forces. All planetary bodies are formed the 
distance, and have their orbits reduced size increase the 
central masses, and rounded moving resisting medium. 
This perfectly general law the sidereal universe. verifies 
the early conjectures Plato and Newton the stability the 
order the world, and shows that these illustrious philosophers 
were quite justified concluding that the Deity always geometrizes. 
The spiral tend develop systems with rounder and rounder 
orbits, and the clusters made thousands stars assume 
globular figures with minimal surfaces and internal density 
arranged give maximum exhaustion the potential energy. 

16. This geometry the most marvellous kind, find 
impressed the systems the sidereal universe and the perfection 
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this most beautiful science celestial geometry may consid- 
ered the ultimate object the labors the astronomer. The 
philosophic observer not and never can content with mere ob- 
servations details which not disclose the living, all-pervading 
spirit nature. 

17. If, then, the mystery the gathering stars into clusters 
now penetrated and traced the clustering power universal grav- 
itation, also the mystery the converse problem starless 
space, which was subject such profound mediation the great 
Herschel. 

18. This incomparable astronomer likewise correctly concluded 
that the breaking the Milky Way into clustering stream 
inevitable effect the ravages time; but are now enabled 
foresee the restorative process, under the repulsive forces 
nature, which new clusters and sidereal systems high 
order eventually will develop the present depopulated regions 
starless space. 

19. there incessant expulsion dust from the stars 
form the nebulz, with the condensation the nebulz into stars and 
stellar systems, while the gathering stars drawn together 
clustering power operating over millions ages gives length 
globular mass thousands stars accumulating perfect blaze 
starlight the center, but surrounded externally desert 


~ 


starless space resulting from the ravages time, certainly the 
building these magnificent sidereal systems may well engage the 
attention the natural philosopher. 

20. The foremost geometers the eighteenth century, including 
Lagrange, Laplace and Poisson, were greatly occupied with the 
problem the stability the solar system; and his historical 
eulogy Laplace the penetrating Fourier justly remarks that the 
researches geometers prove that the law gravitation itself 
operates preservative power, and renders all disorder impos- 
sible, that object more worthy the meditation philoso- 
phers than the problem the stability these great celestia’ 
phenomena. 

But the question the stability our single planetary system 
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may largely absorb the talents the most illustrious geometers 
the age Herschel, how much more justly may the problem 
the stability clusters, involving many thousands such systems, 
claim the attention the modern geometer, who has witnessed the 
perfect unfolding the grand phenomena first discovered that 
unrivaled explorer the heavens? 

The grandeur the study the origin the greatest side- 
real systems worthy the philosophic penetration Herschel! 
The solution the dynamical problem presented surpasses the 
powers the most titanic geometers, and would demand the in- 
ventive genius Newton Archimedes! 

Yet notwithstanding the transcendent character the problem, 
and the hopelessness rigorous solution our time, even 
imperfect outline nature’s laws may aid the thoughtful astron- 
omer, penetrating the underlying workings the sidereal uni- 
verse, and thus enable him perceive the great end subserved the 
development the cosmos. so, may well rejoice, and ex- 
claim with Ptolemy 


“Though but the being day, 
When the planet-paths survey, 
feet the dust 

the throne God mount 
And quaff from immortal fount 
The nectar the skies.” 


STARLIGHT 
February 19, 1912. 
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THE CLASSIFICATION THE BLACK OAKS. 


WILLIAM TRELEASE. 
(Read April 19, 1912.) 


Since Alphonse pointed out that the abortive ovules 
occupy definite position mature acorn, constantly basal 
nearly some species and constantly apical nearly 
others, and crystallized the knowledge that the ripening the fruit 
occurs one season some and requires two seasons others 
(attending correspondingly retarded fertilization?) with great 
constancy,* many other correlations wood, bark, leaf, stamens 
and styles have been associated with these differences that the white 
oak and black oak have long been recognized presenting 
natural division our native species: the former with basal ovules, 
short styles with dilated stigmas, usually annual often stalked fruit 
essentially glabrous within and often with tuberculate aristate 
cupule-scales, leaf lobes not bristle-tipped, pale often flaky bark and 
tough compact rather pale wood slow growth; the latter with 
apical ovules, elongated slender styles, usually biennial nearly sessile 
fruit tomentose within and rarely with tuberculate tapered cupule- 
scales, bristle-pointed leaf lobes, dark often deeply checked but not 
flaking bark and darker wood twice rapid growth the 
average. 

The principal doubts the sufficiency these group charac- 
ters may said rest occasional easily understandable but 
none-the-less misleading slip the pen such that Candolle’s 

Candolle, Sci. Nat., Bot., 18: 51. 1862. For various 
other places publication French and English, reference may made 
the catalogue the Royal Society. 

Conrad, Bot. Gaz., 29: 410. 1900. 


Trans. Sci. St. Louis, 374, 381, 388. 1876-7; 


Bot. Works,” 390, 397. 
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translator® and Professor making the ovules appear 
basal the black oaks; and puzzling facts well observa- 
tions the dwarf live oaks, particularly Emoryi which Engel- 
mann’ and have treated black oak its general assem- 
blage characters, and (as did first) 
places with the white oaks because its basal ovules. 

Without attempting critical analysis hybrids, segregates and 
aberrants, the present communication offers what appears 
natural grouping our black oaks, which have been arranged 
floras and monographs usually and diversely sequence dictated 


convenience foliage contrast—that is, descriptively rather 


taxonomically. 

The classification here proposed was adopted some months since 
when the oaks growing about St. Louis were selected illustrate 
university class the synthesis generic concepts out specific 
characters. local flora fairly rich representation Quercus, 
for its dozen species constitute about two-thirds those Missouri, 
half those the northeastern states, fourth those the 
United States, and twentieth those the world. For this rea- 
son has been comparatively easy extend the conclusions based 
the local species embrace all those occurring east 
the great plains—which are evidently common stock. The few 
species occurring between the continental and the desert, and 
the few found west this natural barrier, appear represent 
groups more properly with the entire assemblage 
eastern species than with the sets into which this divided. 
them, perhaps, found the key understanding the 
history the genus now represented North America. 

Not many words are needed indicate the striking collective dif- 
ferences bud and fruit between the three groups, black oaks, scarlet 
oaks and swamp oaks the eastern states, pictured the accom- 


Candolle, Trans. Edinburgh Bot. Soc., 440. 1863. 

Engelmann, c., 388, 

Sargent, c., 230, 286. 

Engelmann, c., 381-2. 
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panying plates: the first X.) with large hairy buds and rather 
large fruit with coarse cup-scales, the second XI.) with medium- 
sized nearly smooth buds and moderate large fruit with rather 
closer finer scales, and the third XII.) with still smaller buds 
and acorns, these with still closer and finer cupule-scales. That the 
groups are closely allied expected, and bud and cup char- 
acters coccinea connects the first two; but glance the plates 
will show how distinct the collective impression produced each 
group is, and how far from natural place marilandica 
bility leaf shape that has worked mischief the names both have 
commonly done. interesting feature the cup these 
latter species that the scales are inflexed around its margin—com- 


monly the first, occasionally the others—a character con- 
nected with Engelmann’s that the tips the leaf lobes 
are bent vernation though not absolutely lim- 
ited them. 

Though homogeneous external bud and fruit characters, the 
group swamp oaks subdivisible into series with broad-lobed 
leaves, the water oaks, which the leaves are flatly imbricated 
the bud the black and scarlet oaks, and series with narrow 
entire leaves, the willow oaks, which the leaves are revolute 
the bud—strongly imbricaria, Phellos, laurifolia and 
pumila; less rolled cinerea and myrtifolia, and thus 
approaching the western groups, though the fruits the two are 
very different. Such Mexican bristle-leaved oaks Grabami are 
evidently this general stock. 

Grouped primarily according the characters here selected rather 
than leaf form, these oaks fall into line follows: 


OAKS. 
Quercus marilandica (black jack). 
Quercus (turkey oak). 
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Quercus digitata (Spanish oak). 
Quercus velutina (quercitron). 


SCARLET OAKS. 
Quercus coccinea (scarlet oak). 
Quercus ellipsoidalis oak). 
Quercus rubra (red oak). 
texana (Texas red oak). 
nana (bear oak). 


Water oaks. 
Quercus palustris (pin oak). 
Quercus nigra (water oak). 
Quercus georgiana (Stone Mountain oak). 


Willow oaks. 
Quercus imbricaria (shingle oak). 
Quercus Phellos (willow oak). 
Quercus laurifolia oak). 
Quercus pumila (running oak). 
Quercus brevifolia (cinnamon oak). 
Quercus myrtifolia (myrtle oak). 


Quercus hypoleuca (white-leaf oak). 
Quercus Emoryi (Emory’s oak). 


Oaks. 
Quercus agrifolia (evergreen oak). 
Quercus Wislizeni (highland oak). 
Quercus californica (Kellogg’s oak). 
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all, the buds are enlarged three diameters, and the acorns and cu- 
pules are natural size. special care has been taken the selection 
material, except get mature winter buds because the differences are less 
evident while they are developing, and pick out average fruits from the 
varying assemblage presented each species. 

digitata; 

texana (the northern form known also texana (from 

XII. Swamp Oaxs.—Water Oaks: Quercus palustris; 
nigra; georgiana, Willow Oaks: Quercus imbricaria; Phellos; 

XIII. Western Oaks: Quercus hypoleuca; 
Emoryi. Holly Oaks: Quercus agrifolia; Wislizeni; cali- 
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SWAMP OAKS 
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OLIVE AND HOLLY OAKS 
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